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ABSTRACT 


There  currently  exists  an  extensive  literature  on  the  econoaics  of 

V  dv#/ 

education.  Part  of  that  literature  addresses^the  use  of  educational 
production  functions  for  the  measureaent  of  educational  output.  Most  of 
that  literature  has  been  directed  at  elementary  and  secondary  education 
with  only  a  small  part  directed  at  the  university  level.  The  doainant 
critique  of  all  these  works  but  particularly  those  accoaplished  for 
institutions  of  higher  learning  deals  with  the  measureaent  of  outputs. 
Most  critics  agree  that  educational  output  is  aul t i -product  and  yet 
nearly  all  developed  aodels  treat  the  output  as  a  single  product 
function  This  lissrrtati  n  thioughi.  rximmrs  existing  literature, 
develops  appropriate  joint  product  theory,  and  applies  the  theory  to  the 
aeasureaenl  of  output  at  universities.  The  outputs  selected  for 
aeasureaent  are  finishers  sod  dropouts,  although  the  value  of  dropouts 
to  society  is  not  precisely  known.  These  outputs  have  the  effect  of 
cresting  s  study  on  attrition  and  its  deterainants  for  universities, 
rfe  aetbodology  selected  to  develop  the  aodels  which  ia  turn  test  the 
hypothesis  that  joint  products  of  finishers  and  dropouts  is  a  valid, 
worthwhile  output  aeasureaenl  is  that  of  linear  subjective  econoswtncs . 
One  interesting  facet  of  subjective  econoaetrics  is  the  developaent  of 
prior  opinions  through  elicitation,  This  wss  accoaplished^uaing  o- 
pinions  of  'experts;'  those  who  have  experience  with  adaission  processes 
and  taplicltly  the  attrition  of  students.  The  institution  selected  for 
study  is  the  Air  Force  Acsdeay.  Three  general  classes  of  inputs  were 


described  with  scale  of  admissions  having  a  significant  role  in  the  rate 

of  attrition  .^Entering  class  characteristics  were  also  of  statistical 

V 

importance  in  that  admissions  policies  which  admit  classes  with  in* 
creased  academic  achievement  levels  while  at  the  same  time  have  the 


class  be  a  more  homogeneous  unit  are  policies  which  theoretically  will 
increase  attrit.on.  The  third  group  of  inputs,  institutional  charac¬ 
teristics,  exhibited  mixed  results.  ^The  major  contributions  of  this 
dissertation  are:  (I)  the  appropriate  use  of  joint  products  in  measur¬ 
ing  educational  outcomes,  (2)  the  methodology  of  Bayesian  econometrics 


m  educational  production, 
duct  ion  function  1  iterative 


and  (3)  the  integration  of  educational  pro- 
with  that  of  attrition;  i.e.,  the  use  of 


dropouts  at  so  explicit  output  of  universities. 
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•I'  ll.it'.  <•(  national  rcMiun  c.s  (nearly  f»  peitent  •  *  t  liNI* )  wric  being 

expended  .it  tin*  inllege  hi  university  cqui va lent  level.*  Thai  equated 

t  *  •  Mu, l'il  annually  per  slutlrnt.  The  latest  data  published  tiy  Andersen 

iI9M)  fur  19/9  show  thr*  trend  slowing  but  then  projects  further  111- 

1  teases  in  both  perienl  of  GNP  and  lost  per  lollege  student  for  the 

early  1980s.  If  tabulated  on  a  tost  per  graduate  basis,  the  annual 

U 

university  tosts  leath  even  higher  levels.  Because  these  costs  (per 
student  or  per  graduate)  are  so  high,  the  study  of  the  econoaics  of 
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i. it  loll  .is  t  fir  output  i  r  1  4 1  r  s  t»>  giaduates  .uni  noiig radua t  e s  is  tested. 

'tin  i-  .i  stmlrrit  is  admitted  ,t  univrrsitv  Jtnl  brains  .1 1  t  end  l  lift ,  th.it 

st  intent  >  .hi  either  gradu.it  «•  ( (•  i  <>i  riot  Ki.iilu.it  r  t  S  )  Bee  arise  the 

factors  use*l  in  produe  mg  il  .ite  also  used  in  produe  mg  N,  the  two 

products  .ire  t  r  i  till  1 1  .i  1  1  y  related  and  the  production  law  must  hr  ion* 

sidered  s  imii  1 1  anemis  1  y  tor  all  (mi.ltu  ts  -  a  joint  prodm  l  prmlurtioti 

proi  ess  (frisch,  I4t>'>,  p  Jfi'l ) 

This  dissrilation  treats  the  instruitiori  portion  of  a  university's 
output  as  a  joint  prodin  t  process  in  the  development  of  ail  edui at  tonal 
production  function  for  inst  itut  i> ns  of  higher  learning.  Such  a  pro¬ 
duction  function  highlights  information  pertaining  to  attrition  at 


universit tes 


i 


( >vr  rvi  r w 

I  hr  n-m^iii'ln  <>(  Cli.ipt  r  r  I  outlines  mir  spri  if  it  university  wh  1 1  h 
Ims  rxpirssr.f  i  uin  rrn  with  thr  attrition  problem  A  second  data  srt  is 
.« 1  s  i .  Iiirllv  described.  Thr  srt  ond  study  is  intludrd,  not  nrtrss-irily 
■is  •  basis  fur  t  <>»pa  r  i  s<>n ,  (it  is  nearly  impossible  to  examine  two 
siBiilii  entities  without  making  a  comparison),  hut  to  give  a  broader 
hasr  foi  thr  testing  "f  theories  set  forth  herein.  The  Chapter  also 
explores  a  brief  history  of  the  economics  of  education  and  piesrnts  a 
summary  of  the  methodology  used  in  this  study  Chapter  II  is  a  review 
of  the  literature  as  it  pertains  to  thr  eduiational  production  function 
approach  to  the  economics  of  education.  It  includes  a  review  of  the 
literature  pertaining  to  attrition  at  universities.  Chapter  III  con¬ 
tains  a  detailed  explanation  of  the  theory,  models,  and  hypotheses 
proposed  The  data  descriptions  and  analyses  are  found  in  Chapter  IV, 
with  the  conclusions,  summary,  and  recommendations  of  this  dissertation 
i n  t  hapl ft  V 


Specific  Problem 

One  university  which  has  shown  concern  tor  the  problem  of  attrition 
is  the  lolled  States  Air  force  Academy  <  1,'SAFA )  *'  The  liSAKA  differs 
somewhat  from  the  typical  university  . n  that  its  specific  purpose  is  to 
educate  and  prepare  career  officers  for  the  United  States  Air  Force. 

This  mission  is  accomplished  through  a  four-year  program 
of  academic  studies,  leadership  and  military  training,  physi¬ 
cal  education  and  athletics.  Completion  of  the  curriculum 
entitles  the  cadet  to  graduate  with  a  Regular  Air  Force  com¬ 
mission  and  a  Bachelor  of  Srience  degree  in  one  of  23  differ¬ 
ent  academic  majors.7 

Because  of  this  unique  mission,  the  USAFA  can  be  likened  to  a  small 
private  university  which  differs  from  the  larger  state  operated 


universities  tn  .ill  i  tl  n>n  rat*--.  and  di "pp i ng-out  *f  udeiit  s  Kvcii 

I  h‘  ugh  .» t  I  r  1 1  i  "ii  t .» I  f.  nr  gene i a  1 1 v  tov.fi  at  small  j»  r  i  va  t  e  msti- 

I  ut  i  ".'I'-  ,  1 1  I  i  i  t  i  "it  i  .in  -.till  he  ,i  j>  rob  1  fin  i  n  resource  a 1  I  m  .it  i  on  .is 

pi  r\ i  .ms  i  v  ill'll*  -t  t  ■  I  In  his  book  Human  Cap  1 1  .i )  .  (>a»y  Boiker  (l‘th4,  p. 

’  *  *  1  indicates  th.il  ti*-  (.'tinil  t  hi-  intrrn.il  r.itr  *>t  r  rtnrn,  t  hr  return  I  o 

tin-  dropout,  I.  In'  •- *  *m«-  lour  points  hr  low  t  hr  i.itr  .t  rrtiirn  for  toll  egr 

g  I  ,|  'lu.lt  r ,in*l  I  .1 1  <'li"Ugh  below  li'ii  (101  priori, *  (i.itr  o|  return*  I" 

suggest  tli.it  '.-in*-  college,  :  *•  .  the  mi  I  I  ll  I  sh*'<!  product,  IS  a  re  I  at  I  V*- 1  V 

o 

uiipi  o  1  1 1  al>  1  *•  i  lives  t  mrnt  Mi*'  i  e  1  <•  i  r  ,  attiition  becomes  even  morr  of  a 

pint*  ten  at  t  h*-  l  SAKA  when  one  ><*nsi*lers  t  hr  iimrrtain  value  to  soi  lety 
..I  I  tie  uni  1 1!  i  shr. 1  proilint  an*l  the  (.ut  that  taxpayers  support  that 
mst  j  tut/*. 

the  M'liric  of  I  uii<l  i  UK  :*>r  the  I'SAfA  i  aus**s  lomrrn  tor  attrition  at 

all  levels  "t  I  SAf  A  management  An  informally  stated  goal  <>t  the  A<  ade- 

mv  is  t"  gt  idiiate  1,000  i.idets  eai  h  year  w 1  t  fi  701  of  those  graduates 

being  mednalis  and  physically  |ualifird  to  enter  I  SAK  pi  1  <  ■  t  training 
!  1 

program  Initially  one  might  lotulude  that  l hi s  poses  no  special 

problems  Hv  simply  admitting  more  students,  (imrrasing  sijle  of 

operations)  <*r  lowering  gradual  ion  re*ju  i  rement  s  ,  these  goals  tould  t>e 

satisfied.  However,  the  I'SAKA  operates  under  two  additional  t  oils  t  i  a  i  lit  s 

which  nake  the  attrition  problem  loom  large.  The  first  is  the  limited 

faiilitv  constraints  at  the  Academy  Cadet  dormitories  contain  „’,lb() 

cadet  rooms. The  sec ond  is  a  i imitation  imposed  by  law.  In  14t>4, 

Congress  author' zed  a  cadet  wing  strength  of  4,41/  students  as  of  1 

1  3 

Or toher  of  ear h  year.  Assuming  a  uniform  attrition  rate  for  each 
tlass  over  all  four  years  of  cadets’  academy  experience.  Table  1  re* 
fleets  the  hypothetically  possible  attrition  numbers  and  percentages 
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1 1 1 X  stu.lrnts  In  i  four  veils  .nnl  thru  1..siuk  t  hria  It  is  js  n{U.i  I  1  y 
•  hvj'iijs  I  ti.il  t  hr  nlr.il  i  i  1 1  urns  t  an,  r  s  .Irpiitel  in  lahlr  ^  .In  nut  .uni 
. annul  rxist  in  .1  inllfun  «miv  i  noum-nt  .  Hriu  r ,  t  hr  attrition  prohlrw 
f<«i  inn  I  hr  IS.'JA  4ii-l  any  olhn  univrrsity  whn  h  is  (oinrrnol  with 
krrpmit  4  iai^ri  pi  oport n.u  ot  hf'KiuninK  t rrsharn  through  to  grdiiu.it  1  on 
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Tile  set  end  soiiii  r  of  data  examined  ■  omrs  f  i  om  t  hr  Iniversity  of 
Itah,  two-year  Master  of  Business  Administration  (lofl.MBA)  program.  It 
iv  well  to  rr-cniphJM7r  tfi.it  this  sri und  study  i  s  not  ac  comp  I  l  shed  I "  i 
the  primary  putpo.se  of  lomparison  with  t  hr  first  study  f>nt  rather  to 
provide  additional  descriptive  information  regarding  attrition  from 
h  i  ghc 1  edm  at  ion 

Baikal  mind  on  the  hioiiomiis  of  Film  at  mu 

The  economics  of  education  as  a  Mif>|eit  of  interest  was  virtually 

14 

non-existent  until  appi ox  male  I v  the  mid  1940s.  Since  then  the  inter¬ 
est  has  grown  at  an  almost  exponential  rate,  until  today  there  are  well 
ver  2000  pieces  of  literature  on  the  subject.*'  These  data  are  only 
used  to  show  the  mteiest  m  this  topu  .  This  author  predicts  that  as 
education  msts  continue  to  i  1  iral>  the  rrsouri  e  expenditure  ladder  more 
and  more  will  he  added  to  the  expanding  list  of  references. 

Fvrn  though  this  list  of  literature  is  relatively  long  and  still 
growing,  the  approaihes  used  to  study  the  topu  vary  considerably.  One 
such  approach,  a  theory  on  the  economics  of  education,  is  the  "Human 
Capital  Theory  "  The  hasu  premise  of  Human  Capital  Theory  is  that 
variations  in  labor  income  ate  due,  in  part  at  least,  to  differences  m 
labor  quality  in  terms  of  the  amount  of  human  capital  acquired  by  the 
workers.  There  have  hern  some  variations  and  many  critiques  published 
about  Human  Capital  and  the  variations  espoused  by  various  authors, 
(Cohn,  1974,  pp  .’7-t)9)  but  the  basic  idea  as  oitginally  put  forth  can 
he  depicted  by  Figure  1 

A  second  approach,  a  methodology  which  is  widely  used  in  all  areas 


K 


figure  I  Human  r.iji  i  t  .*  1  Theory 

■t  n  .iii-uii  i  ,  is  "i  <■••  t  •  Hrnr 1  1 1  Analysis  “  I  ti  i  s  met  ho. I  of  studying 
r  dm  it  i .  .ti  rmp  I  ■■  v  s  the  s  t  .1.1  v  .  ■  t  ill  <  os  t  s  an.  I  hr  nr  t  l  l  s  .issoi  utr.)  With 
edit,  at  l  on  Ihrn  viii.ois  «  iitn  ia  air  applied  .« ti  <  t  t  hr  most  favorahlr 
aitnnativr  tti-.sr  nii.lot  study  is  srir.tr.l,  lit  t  hr  three  (iitrria 
must  t  r  r.pirnt  l  v  usr.l  in  i  t  -  Hrnr  t  1 1  Analysis,  Sr  t  I'rrsrnt  Va  1  nr  Rule 
l  MA  ■  ,  l  n  t  *•  i  n<i  I  hate  I  Hr  t  u  i  ii  Rulr  i  I  Ri  iR  i  ,  an,  I  Hrnr  t  i  t  -  Co  s  t  Ratio  Rulr 
(R  i.R  >  ,  *  I  K<  iR  is  usr.l  in  t  hr  majority  ot  studies  As  with  t  hr  Human 
lupital  Theory,  thrir  h.ivr  hrrn  numrious  studies  on  t  hr  eiouomiis  ot 
r.int.itioli  us  i  uvt  i  ost -hrnrl  1 1  analysis  trihtit'jurs  [hr  pioneeiing 
efforts  f,>i  Cost -Benefit  Analysis  ot  i-.Iii.  it  oui  hr Ion*  to  Mouthhakkri 
(1‘tSu),  H  !’  Mi!  In  I  I ‘tod  i ,  t.  S  Re.  ker  tl'inii,  I'm*  I  an>1  Hansrn  il'ftil) 

I  (  ohn  ,  19  79,  (.  111) 

A  Itui'l  method  loi  studying  t  hr  riofiomiis  ot  c.liii  jt  loll  is  l  hr 
nluiational  ot  maupowri  (,  IjnninK  appiojih  This  apptoaih  promotrs 
pi  oilui  t  i  v  1 1  v  in  a  smirty  hy  matihu.g  rxpn  ted  demand  lor  skills  with 
t  hr  supply  of  t  hnsr  skills  Thr  main  purpose  of  this  method  is  to 
forriast  manpuwrr  nrr.ls  hy  skill  i  .itrgurirs  ami  thru  transform  thosr 
tr.jui  rrment  s  into  rdu<  at  lotia  1  requi  rrmrnt  s  (Cohn,  1979,  p.  1 16  )  .  Herr 
too,  thrrr  arr  several  different  forms  of  nluiational  planning.  1’arnrs 
(1962),  Kt kaus  (19t>4),  and  Baichus  (1968)  have  all  usrd  thr  "Manpower 
Rrqui regents"  approach.  One  called  "Social  Demand"  was  used  and 
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t  n  r  I  )  (HjH  I,  l.i  1  I  1  i  lies  I  1  'I  'll  t  ,  .imt  Mji  Ii  1  up  l  I  'I  /(>  ,  1 l)  I 

Allot  hr  i  n.ijoi  nn-thml  t « •  i  stmlyiUK  thr  t-iuiiuinii  s  ot  i-.lui  .it  1  on  is 
( h rough  l  hr  list-  d|  the-  nlui.itiiin.il  prodintmn  limit  ion.  Ilit-  prrpondrr- 
.ilii  r  o|  thr  <Iisiussioii  on  rdui  jl  1 him 1  pioduitioii  limit  ions  is  rrsrrvrd 
loi  th.iptrr  II  Only  an  amount  suttnirnt  to  r  xp  1  .i  i  n  thr  mrthodology  ot 


this  paprr  is  pirsrntril  hrrr. 


10 


► 


I 


Met  ho. Jo  1  ngy 

•  t  ■•!  thr  w.rk  whr«h  h.is  hrrn  ili-iir  r  rg.i  i  i|  j  rig  ii  «  .it  i  him  1  pi  *  ~ 

tm  t  i .  ii  1  in,.  1  l  ■  *n*.  h.i :.  hrrn  ■!  l  i  r  i  l  r.l  it  r  i  t  Ilf  i  *■  I  rmr  n t  i  r  v  ■ .  i  sr  i  nri.l.i  r  y 

r.|  in  .1 !  !  1  pi.-irssrs  (('•(in,  I'l’O,  j»j>  I’i-H’)  Vriv  t  rw  .  r  k  ’ .  h.ivr 

i 1  |  .i !  <  i  ii  1 1  >  ►'.(>'•  r  nlni  .i  t  i  •  n  i  Mu  •  ■  I  t  lir  ni.i  |  •  .  ■  i  t  i  I  i  ■  pu*  ,  "I  I  t  1 0  i  t  i ,  m.i  1 

*■  Oi, '  -t  t  1  "li  t  i  (i  r  "  tin  I  i  •  ■(!  (  urn  t  1 1  iri  •.  i  *.  thr  mr  is  n ;  rmr  n  I  • .  t  •  ■  i j f  j > l J  t  hr  ,  .iu  sr 

i’ll,'  .1 1  l  •  n-t  !  i  :i  •- 1  i  t  ii  t  1  i  'ii lir  mult  i  -  ('  r  ■  “I  II  i  t  in  111  t  ii  I  r  .  "ii  t  put  mr  ,i  su  i  *■  *. 

w  1 1  i  i  h  1 1  t  <  rep  t  !  i  ir  f  i  in  t  (if  t  ■  t  .i  1  "ii  t  pu  t  with  mir  •  .  u  t  pu  t  uir  ,i  mi  i  /•mi  ll  t 

i  v 

t  .i  1  1  '.li  it  ■  t  1 1  1 1  i  t  v  .'ii.  Ii  p  i  ' "tu>  t  i  "ii  I  nm  t  i  "ir.  .  |o  1 1 ■  •  t  i .  i  n i  .1 1  r  1  y 

I"  t  t  i  .« 'i  t  lif  "ii  t  pu  t  ■  t  tin-  i.l.ii  .i  t  i  "ii. i  I  pi"i 

!n  tlir  imivi'i'.  ity  ••  .In.  ,»t  i  "ii.i  1  pim  i".', ,  t  In-  t  i  .i'l  1 1  1 1  hi. 1 1  mission  is 

t  Is  l  r  r  t  ■  1  ■!  I  1  '  t  "  p  l  l  'll-  I  I  IS  t  I  III  t  I  "II  ,  1  I  t  "  'I"  r  <".<•. 1 r  <  Ii ,  .Kill  It)  t  " 

i  i  ■■  1  tr  ,  •  .ranuii  i  t  V  '.IT,  |H  I  i  Ml)'  k  i  lilt  ! '  rp  In  ,  1  '•  )  Kvrtl  within 

i*i'  1 1  1. 1  t  hr  m  missions  thru'  '■  x  i  t  i  mu  I  t  i  p  I  1 1  i  t  v  ••  I  outputs  tor  i 

uiiivrisitv  'hi*  t  U'Jv  r  x.iim  nr*,  "iilv  i  |  •  i  t  i  <  •  t  i  "I  thr  i  ns  t  r  in  t  i  mi 

mi*.*i"ii  '(  i  iiliivn*.  it  *,*  using  tin*  mu  1  t  i  p  1  r  proilmt  output  .ipp  t'li.u  h  .  Mir 

Iw  mrisuirs  t  output  .III*  gt  1'lu.lt  r  s  .uni  ll"ti  g  I  .1'lu.l  t  r  s  (igiltr  ilrplits 

tin*  uli  I  Vi*  i  l  :■  t  *,  p  I  tui  t  i  "I  i  p  I  oi  r  s  s  i  s  r  n  v  i  s  i  o|iio|  hr  t  r  I  n 

An  in.tl">;v  th.it  .in  hr  usr.1  to  illusti.itr  thr  'Irsitr.l  mr  .tiling  ot 
I  i|(uir  .  i*.  th.it  '  1  .i  ih.iiim.ikri  (hi  s  i  mp  1  1 i  1 1  y ,  .IS  surer  thr  only  r.tw 

■.iliri.il  input  t  "  hr  wo.nl  Ihr  output  will  hr  ,i  i  iioitnii.it  urn  ot  tinishrit 
i  li.un  .iti'l  un  t  i  ii  i  she*  it  (oi  itrtritivr)  <  h.i  I  I  s  Mir  woo.l  is  usnl  to  |i|o- 
■  tui  r  hoth  proituits  1'iintlv,  (torn  .i  givrn  >jujiitily  ot  woml,  both  prmtuits 
irsult  f  hr  m*  pimluits  .irr  t  r  i  hn  1 1  d  I  I  v  i  onnri  tel  or  this  is  <*  multi- 
wjrr  |ii"ilin  t  i"ii  pioirss  1  tnlri  Ruth  i  i  1 1  umst  am  rs  ,  thr  proilmt  ton 
pr*  '  ss  must  hr  «  on&  i  tir  i  eii  simultaneously  as  d  srl  ol  prmlmtion 
(unit  ions  Howrvrr  ,  it  thr  proituits  nr  r  1  inked  togrthrr  or  prrtrrtly 


Figure  .  I  luvrisilv  Production  f'rru  rifi 


coupled  in  sin  ti  i  wav  th.it  the  quantity  « » f  «»»»#•  pioduct  is  .i  given 
turn  turn  i-l  aunt  hot  pro-hut,  thru  t  hr  total  output,  of  both  products  is 
■1r  t  r  rat  nr. I  implicitly  by  t  be  quantities  of  t  hr  factors,  and  the  simul¬ 
taneous  system  of  production  functions  is  not  required  (Frisch,  l')6S, 

PI’  »’’()-!>  Sue  h  is  t  hr  use  thioughout  this  study.  lust  as  t  hr  chair- 
makrr  knows  that,  given  a  certain  .plant  I  tv  of  wood,  if  X  number  of 
finis  hr  .1  i  hairs  are  produced  thru  Y  of  unfinished  chans  will  also 
irsult,  sc,  a  university  takes  m  a  certain  number  of  students,  if  N  do 
not  graduate  t  firn  1.  will  For  a  different  number  of  students  a  differ¬ 
ent  mix  of  N  and  ('.  may  m  i  ur  Therefore,  t  hr  multiple  output  as  in¬ 
dexed,  say  by  some  function  of  the  ratio  of  N.u,  is  a  function  of  the 
number  of  students  admitted  (scale)  and  sevrial  other  factors,  including 
quality  of  input  arid  some  process  inputs,  which  are  defined  as  individu¬ 
al  variables  later  in  the  model  definition  (see  Chapter  111). 

The  approach  used  herein  is  macro  in  the  sense  that  the  study  does 
not  center  upon  the  characteristics  of  individual  students  or  the  micro 
decision  process  a  university  may  employ,  hut  rather  upon  class  charac¬ 
teristics.  The  university  problem  is  similar  to  that  of  a  large  auto¬ 
mobile  producer  where  the  Environmental  Protection  Agency  directs  that 
the  fleet  of  automobiles  produced  must  meet  certain  minimum  standards. 


I.' 

Anv  t  .( t  produc  rd  may  tail  way  sh<»r!  of  t  h*1  drsjred  standard  l»nt  the 

fieri  overall  must  meet  th.it  r.  t  anda  rd .  Similarly,  .my  our  stii'lrnt  may 
tlot  inert  tin-  desired  entiailie  s  t  .1  [uta  I  A  I.  hut  t  hr  university  go  a  I  1 '•  fnr 
t  hr  gioup,  not  t  hr  i  ml  i  v  i  ilua  I  This  is  espec  lallv  important  in  that 
thrir  iiuirntlv  exists  no  easy  mrthmt  for  a  univrrsity  to  determine  or 
ii  i  in  at  r  I  y  prr>t|it  from  preadmission  test  mu,  which  I  tnl  l  v  r  <lua  I  stii'lrnt 
^  i  I  I  li'p  out  of  college  l  (opr  and  Hannah ,  pp  also  Bra  1 

air!  Noel,  1  ‘‘Hu ,  p  ))  Thus  there  is  no  ussui.iine  that  any  particular 
stii'lrnt  will  persist  t  <  ■  graduation  It  i  s  precisely  the  entering  class 
i  harac  t  e  t  i  st  i  c  s  whuh  must  hr  evaluate'!  m  det  r  run  m  ng  the  proper  mix  of 
stu'lrnt  s  t  I'est  meet  the  attrition  (polls  of  an  institution. 

Ihr  Ail  l"ri r  Academy,  hy  v i i t ue  of  its  goa 1  to  have  1,000  gradu¬ 
ates  pei  i  lass  and  t  fie  law  restricting  t  hr  number  of  students  on  10 
Srptrmhri  of  esu  Ii  year,  indicates  a  willingness  to  accept  attrition  ot 
from  'c-  it;  percent  I  see  tables  1,  ,  and  !  )  .  !•’  •letoie,  the  character¬ 
istics  "t  the  enteiing  tirsliin.cn  c  lass  must  fee  such  that  t  fie  accepted 
retention  withdrawal  rates  can  lie  met.  The  emphasis  is  not  "n  eac  fi 
paiticulai  student  at  entrance.  It  is  upon  the  entering  class  i  u  total. 
That  is  where  the  emphasis  of  tins  study  is  placed  -  the  mix  of  students 
which  best  gives  the  characteristics  so  that  desired  retention  goals  can 
hr-  in  fn  evrd 

The  relationship  between  the  inputs  and  outputs  is  defined  through 
the  use  of  linear  subjective  econometrics.  In  short,  subjective  econo¬ 
metrics  emphasizes  the  distribution  of  the  coefficient  values,  not  just 
the  coefficient  values  themselves  as  in  classical  statistics.  And,  the 
posterior  distribution  of  coefficient  values  is  a  weighted  linear  convex 
combination  of  the  maximum  likelihood  estimator  and  the  prior  meati  with 


weights  pi  t  i  • .  n .»  I  (.■  I  hr  [>i  ci  i  ■.  i  <ins  >>t  each.  fhr  rr  f  ■•(  »• ,  maximum 


l  1  kr  I  i  ho.-d  t".l  im.llni's  .lie  developed  f  I  om  I  hr  'l.lt.t  I'rim  opinions  air 

.  1  '* 

rli'  i  t  i  I  I  i  "it  experts  ,  those  personnel  ,n  lively  invnlvH  in  t  hr 


admi  '■  '•  I  ■■!)'.  |'|"IPS'.  .it  tin-  I  SAKA  rhr  models  .ir»'  speiified  using  t  hr 
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I  hr  rx.ii  t  i  nim  uhith  an  r.lin  .it  imi.i  1  p  i  mini  t  t  on  turn  l  inn  should  take 
is  nut  known  with  irrt.iiiity 

I  hr  dea  I  t  h  <  >  t  know  1  r.lKr  i  mu  rniiiiK  thr  lr.it  ll  mg  process 
mki's  .my  .i  prim  t  sprc  i  1  1 1  at  i on  of  torn  toi  thr  rst  imjt  ion  of 
educ  .it  i  uti.1 1  production  i  r  I  <it  i  olisfi  i  |>s  particularly  difficult. 

[In-  ii"ti"ii  "t  diminishing  io.iigin.il  product  is  Appealing, 

.ilthuogh  ii< » t  wr  1  1  rst  .ih  1  i  stint  ill  thr  field  of  education.  A 
(mutton  linr.it  in  thr  logarithms  »t  thr  variables  would  srrm 
somewhat  superior,  pa 1 1 i < u 1  a r  1  y  in  view  of  thr  possibility  of 
positive  interactions  hrtwrrn  inputs.  Nevertheless,  the 
rest  r  ii  t  ions  of  the  Cobh -Doug  I  as  function  are  severe. 

| Bowles ,  19/0,  p.  1 9 | 

Bowles  <19)0,  p.  16)  indicates  that  he  prefers  the  simple  linear 
additive  form.  That  is  the  form  whiih  the  models  take  in  this  effort. 


Another  limitation  imposed  by  the  structure  of  the  model  is  the 
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nuabrt  •  v.u  i.iblrs  nt  I  ndrd  i  n  the  various  models 

In  ilii>"'.  n.fc>  the  app  i  <  >|»  r  i  a  t  r  dimensions  «» t  input  tm 
ci.ioniul  i"ii,  thr  analyst  i rng.ignl  in  t  drlnatr  h.il. lining 
nt  It  p.i  i  t  ii  it  I  ,i  i  v.i  i  i  .i  t>  I  r  s  aif  nm  1 1  t  «>l ,  t  hr  fst  i ma  t  r  <  I 
fttfi  ts  "f  thds.f  i  n<  lmtfit  may  hr  bi.ii.ril  For  rxamplr, 

!  r.n  hr  i  -  t  i  -pup  i  1  lit  in  amt  tf  ji  lift  <pi.il  1 1  y  nr  pus  l  t  i  vr  I  y 
irl.itnl  .iiut  but  Ii  i.t  t  hr  sr  inputs  in-  related  to  student  per- 
t’lro.inif  In.  lulling  rithn  of  t  hrsr  measures  in  multiple 
tfgifssi.iti  .mi  I  v  s  i  s  .  without  ini  lulling  t  hr  other,  results  in 

a  »■  i  t  i  m.i  t  i  n  x  t  Ilf  r  I  f  r  i  t  i.t  t  Ilf  l  m  1  udr  il  variable  I  )|  t  hr 

l  hr  i  li.iti't,  im  IiuIiiik  t  no  manv  separate  <1 1  mens  I  mis  m.ty  make  it 
i  mpi  •.  ■.  1 1 '  |  f  t  .  o lit  .1 1 II  i  r  1  I  .it>  I  r  r t  i m.i t  r s  of  t  hr  r  f  I  r i  t  <1  .my 
f  llirsr  1  ir  l  il'lr  >. 

| Bow  1 r  s  ,  1  4  7 1 1 ,  p  .  4  | 

i.  sf  iv  if  I  .it  nl  to  th.it  pioblrm  is  t  hr  niimbri  it  degrees  of 
t  i  ff'lnm  I  In  i  ml  i  v  i  dtia  1  ni'ilil.v'  il.it. i  base  tor  tin-  ISAK4  im  luiirs  at 

most  nly  sets  .1  data  points  Thr  "tfgrrfs  of  f  rrc.lom  ipnikly  <1 1  - 
mulish  is  mute  and  ijhk  variables  irr  im  luilfl  in  thr  mmlf  I  .  Thrirforr, 

t  hr  v.iii.iblfs  whiili  .in'  i  minded  wrif  limited  but  i.irrftilly  selettnl  tn 

t  f  s  t  sui  h  .If  t  f  i  m  i  n.inl  s  nt  output  is  stale,  input  ipi.i  l  1 1  y  ,  .mil  prnirss 


t  r  i  lino  1  ogy 


An.  it  hr  r  1  unit  it  i<<n  is  m  thr  i"iu  lusums  li.iwn  from  this  stmly. 
hn  iiusf  it  is  m.n  i  <i  in  n.ituif  .mil  examines  thr  i  h.n  .u  t  r  I  l  st  l  is  of  a 
gtoiip  1 1  •  n x  with  gioup  defined  iiistitution.il  output,  t u t r rriii'rs  cannot 
bf  liawn  about  t  hr  i  or  rrspuli'1 1  ng  uul  i  v  i  ilua  I  -  Irvr  l  i  li.ii.u  tcrist  H  s  Thr 

t  I 

'  mu  1  us  i  mis  must  ut  neirssity  hr  limited  to  group  i  otu  l  us  tons  .  *'4’  Mow- 
rvn ,  this  approach  dors  provtdr  pul n  y  value  to  thr  institutional 
<ln  nmn  maker  in  that  thr  analysis  attempts  to  grt  at  thr  drt  r  run  riant  s 
of  thr  output  mix  ol  N  and  G. 


Th  i  s 
n  ouoai l k 


Si  i—  try 

chapter  has  uutiinrd  thr  need  for  continuing  emphasis  on  thr 
ol  education  and  an  extremely  brief  review  of  various  art  hod* 


for  studying  thr  subject . 


Thr  particular  art  hods  raployrd  in  this  study 


uric  outlined  with  details  of  t  hr  models,  theories,  and  hypotheses  lo 


follow  in  Chapter  1(1.  With  t  hr  limitations  and  assumptions 
>at  tonal  production  functions  and  t  hr  data  for  this  study  as 
briefly  drr.<rihcd,  a  review  of  the  literature  as  it  pertains 
attiition  and  edm  at  1 ona 1  produ  t ion  functions  is  imperative 


of  edu- 
a 1  ready 
to 

and  foil 


Notes  t<>  Chapter  I 


It. 


1  Kohrit  (  <  >  j  > »-  .in. I  William  Hannah,  Revolving  College  Doors,  New 

"t.  lK  lolin  Wiley  N  Sons,  Ini.,  197S,  1-S,  101.  See  also:  Marilyn 
Ahililskov,  "for  Some  Students,  College  is  The  i  i  Profession,"  The  Dally 
l  tali  Chronicle,  'It,  ».  feh  19R4,  1,  Philip  f. .  Beal  ami  her  Noel,  What 

Works  in  St  mlrnt  Retention,  Report  of  a  joint  projeit  of  The  American 
College  Testing  Ti"gun  an.l  The  National  ('enter  for  Higher  Kducatmn 
Management  Systems.  1980,  1,  A  June  (ileesoii.  An  Analysis  of  the  I'ost  s 

of  Part-Time  ami  ful  1-Time  Stmly  at  Colleges  of  A.fvani  eil  h. filiation, 
unpuh  1  i  shed  I'h  I)  •!  i  sse  rt  at  i  on  ,  I.aTrohr  Cm  vers  r  t  v  ,  Sep  1479,  1S4, 
H.K-.'l,  fiank  |l  lex,  A  St  inly  m  IVrsistenie  Witfnlrawal  ami  Graduation 
Rates  at  t  fie  Iniveisity  of  Itah,  Counseling  ('enter  Researih  Report  12, 
Salt  lake  City  University  of  Utah,  19bl,  2-8;  ami  Cash  Kowalski, 

I  tie  Imp.nt  of  College  on  Persisting  ami  Nolipei  s  i  si  i  tig  Students,  New 
Voik  l’h  i  1  ..soph  1 1  a  I  library  In.  ,  1  4  7  7  ,  ( 

2  Samuel  Bowles,  "Towards  an  f.drn  a  t  i  >>ua  1  Production  film  lion,"  in 

f.luiatioiij  I  n<  owe,  ami  Human  Capital,  W  her  Hansen,  r.l  ,  New  York: 
National  Hutran  t'.ioiiomn  Researih,  1470,  I)  See  also:  Char’es  S 

Benson,  Tlir  hioiiomiis  of  I'uhlu  f.ilmation.  New  York  Houghton  Mifflin 
to  ,  l'H.H  Ref  in  loins  I  Rodrigue/  and  Dewey  I)  Davis,  The  hrononms 

.  f  f  dm  at  i  on  ,  l.iiu  sin  Pi  o f  es s  i  ona  1  f  dm  a  t  ••  r  s  Puh  1  1 1  a t  i  oils  ,  Ini.,  1 9  74  , 
■ .  -  ( 


(  f.lihanan  (  ofm ,  I  he  ti.uionius  of  f.dmation,  Cambridge: 

Ballingei  Publishing  Company,  l'Oi,  II  Hereafter,  the  trim  university 
will  mliiide  all  post  se<  oiidary  edmatioli  unless  speiified  otherwise. 
Also  see  Charles  .1  Audeisen,  •  1  ,  I481-M2  fait  Book  tot  Aiademn 

Ad*  i  n  i  s  t  i  a  t  o  r  s  ,  Washington,  D  Ametiiau  <  mine  l  1  on  f.dmation,  1481, 

((. 


Vs  ,1 


'I 


M. 


a  John  Va  i /ey  ,  "The  Costs  of  Wastage,"  Cn i ve rs 1 1 t rs  Quarterly, 

’> ,  Spring  l't/1,  lal  See  also.  Lawrence  S  Kuhie,  "The  Ontogeny  of 
l  fie  Diopout  Problem,"  in  Lawrence  A  Pervin,  et  a  I  eds .  ,  The  College 
Dropout  and  t  fie  Clili/atiun  of  Talent,  Princeton  Princeton  University 
Dress,  14b<>,  ,  C  Selfiy  Smith,  The  Costs  of  Post  sec  ondary  f.dmation. 

South  Melbourne:  McMillan,  197S,  in  Glee son  (1474),  IS1;  and  P.A.  Watt, 
"f.ionowies  of  Stale  in  Sihools:  Some  Lvidemr  fro*  The  Private  Sector," 
Applied  f.  i  ono*!,  s,  |yt  1480,  7  1/ 

*>  J.A  Kershaw,  "Productivity  m  Aaeiican  Schools  and  College's," 
in  Maik  Blaug,  rd  ,  f.cuiiomics  of  f.dmation,  II,  Baltimore:  Penguin 
Books  Inc  .  1469,  110  See  also  Bowles  (1970),  12. 

6  Topic  sufimitted  by  USAfA/RR£  (Office  of  Researih)  in  The  United 
States  Air  force  Compendium  of  Research  Topics,  Vol .  1,  Maxwell  AFB,  AL: 
Air  University,  1982,  2  11  . 

7.  The  Untied  Slates  Air  force  Ac ademy- -Quest  ions  and  Answers,  a 
brochure  prepared  for  visitors  to  the  USAFA  to  answer  their  quest  ions, 
Washington,  D.C.:  U.S.  Government  Printing  Office,  b79-07S/24b  -  1981, 
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8  K.  -  hr  t  t  H  i  I  ( r 1  (  ,  "h'r  I  rut  1 1 in  .in 1 1  W  i  t  hd  i  .iw.i  I  ut  College 
St  udrnf  ••  .  "  .  S  lie p.i  i  t  rornt  nt  Health,  f<  1  ■>  <  it  I  •  >  1 1  .  and  We  I  t  .<  re  Bulletin 
1  .  Wash  i  ngt  "ii  f*  i  1  S  imvi'i  iiment  Piloting  of  f i • e  ,  1  't'iH  ,  U  ,  )  7  -8  . 

See  also  i  opr  .in. I  Hannah  ll'17'il.  10  1-.’ 

''  i > ,i  t  \  S  hn  kn  ,  Human  (  .ij>  i  i  .i  1  -  A  Tfimrrt  i  i  .i  I  .uni  hmp 1 1 i < a  1 

V  ii .» 1  y  •-  i  •  ,  with  Sj.riial  krlrretiir  In  F.duc  -it  I  •  >n  ,  Sr  w  Vmk:  National 
hwi  ••.hi  •  t  hi  •  >n<  .Rt  i  •  ki-sr.m  Ii,  1 ‘M  S  re  .« 1  1 1  Kiifiaid  ('••  i  I  nu  li , 

1  hr  f  i  . .in >m i  <  s  ■■  f  Kdu<  -t t  i  <>n  :  l..|nrj.tii.il  l’i  n|.  1  ••ms  .uni  Po  I  1 1  y  [  s  s  sir ,  Nr  w 

Y.-i  k  M.  i.i  aw-lfi  M  Book  i*.  .  l‘»  •  (.  ’  7 

i  1  Itir-.r  g.-cls  kin-  i  n  t  •  •  I  m.i  1  1  v  <•  s  t  -it'  1  i  stunt  in  i  pr  1  smi.i  I  letter 
!  (  n  1  i  int  rn.int  i.rnriil  Andrew  I  i"Mir,  l  SAf  deputy  l  ll  1  ••  t  "t  St.itt  lm 

“1  iiij  wn  in.)  tr|....nnrl,  t  . .  ’’I .  i  |  •  i  (.nin  .il  Kohrit  Kelley,  Superintendent 

1  t  hr  ISA1A,  in  III  1  v  l'»K.’  I  tie  goal  was  two-fold,  to  graduate  it  lr.i'.t 
1  '■  ■‘(•’0  t  ii  1  1  V  •  jii.t  1  i  1  I  rl  ..ft  1 1  ri  s  .uni  ti.i  vr  .1  mini  mum  • .  t  H)\  •  1 11 .1  1  1  t  1  ml  t  0 1 
;  >  1  i .  >  t  t  I  .1  1  n  1 11 K 

!.  See  Ii'.tr  I'  (.  llgulrd  .it  tWn  .a. lets  pr  1  loom,  thric  ale 

••  11 1  t  I  .  1  m  t  I  . "  'IB?,  t  n  1  K  .  .iir  t  s  Ilnwi'VTi  ,  in.  t  ill  r  minis  .1 1  »•  .1  v.i  1  lit.  1  <■ 

t  1  t.ilrt  living  S"inr  1  1 11  tins  .in'  used  t..r  ?.  t  ■ .  i  .1 K*'  "t  1  .ntrt  hr  1  011(5 1  ngs 

in.!  t  Iir- 1  ti  1  gh  v.ilur  *. t  •  > r  .1 

!  ‘  Dir  law  went  int"  rffr.t  in  l'lt"i  uinlri  t  hen  l‘  res  l  ill'll  t  I.yinloii  B. 

i  tin  s.  n  ,  1111  i>'.imiik  <  .1 1  !••  t  strength  t  "  1  .’  is  ..I  1  Hit  imt  1  ,  S  Af>  .is  1. 1 

i  'ill  I  Iir-  diffririur  111  liumhrr  is  t"  .11  1  omod.lt  r  those  wtlu  itri.J)  out 
.1 1  t  r  I  "I  .I'll  III*  B.ISI1  1  .I.let  framing  iHlT)  til). I  during  t  tie  summei  plioi 

(•  t  tie  freshman  ye.11  ••  •  Ii  • ...  1  See  (S.iiki  ess  1  nii.i  1  Bill  HR  7  tsh  .  Alsu 

see  In  1 1  •  p  1.  Above  •.tirng'hs  also  1  mi  f  1  1  me.)  in  lettei  to  ,iuttl"l 

ti"i»  t  SAM  h'KK  ,  lot. .net  Mi.fiarl  )  1  > '  1  ..nne  I  I  .  ISA!  ,  on  10  N..v  1982. 

I  ••  M.i  r  k  Blaug,  f.  * .  11 .  .ill  11s  "t  education,  A  Seleite.)  Annotated  Bibli- 
■  (ji  ij'tiy,  (it  e.t  ,  Oxf.  1  I  I'r  1  m.i  x'l.  l'n".'.  ,  1978,  preface  Kvrn  though 

tin-  siit.  |  ei  t  is  1el.1t  1  vr  Iv  lies,  it  is  our  v.  ti  1 1  h  w.is  iiinle  1  s  t  oo.l  t>y  Adam 

Sim  t  Ii  in  1  .'  is  well  .is  Altie.)  Marshall  in  t  tie  1890s  See:  Adam 

Sail  th,  I  tie  We  .1 1 1  ti  ..t  S.it  ions,  ‘hi.  ago.  Km  y  1  1  ojie.t  1 .1  Hi  itxrinii  d,  (40-1, 
.tin!  A 1  t  1  e.l  *1.i  1  s h.i  I  1  ,  t‘i  1  in  1  j.  I es  of  Ki  0110m  1 1  s  ,  'It  h  »••!  ,  (  W  l.u  1  I  letuu.l , 
e.t  ,  V.. Is  .  Mi  Mi  1  t.iu  (  ••  ,  19r.|  .  I  1-t. 

IS  Biofessoi  Mark  Blaug  put.  I  1  stie.l  a  hook  entitled,  Kionomiis  of 
Kdui  .it  loll,  A  Sr  In  led  Aliliot  Jted  Bibliography,  ill  ttiree  separate 
editions  The  first  edition,  published  ill  1966,  1  out  4  me. t  800  listings 
I  hr  sri  olid  edition  of  1970  listed  1  ISO  refereiues.  And  the  l  ti  1  1  d 

edition,  l'I78,  showed  1940  different  items,  .ill  referem  lllg  t  fir  "t.i 

iii.miis  of  education." 

If.,  Cohn  (1174),  JR.  Also  see  (.ary  S  Bee kei  ,  "Human  I  4p1t.1l 
and  the  Personal  Distribution  of  Imome:  An  Analytical  Approach,"  W  S 
Woytinsky  Leiture  k  1  ,  Ann  Arbor :  Institute  of  Puhln  Administration, 
University  of  Michigan,  1967,  Gary  S.  Berker,  Human  Capital,  2nd  ed .  , 

New  York:  National  Bureau  of  Kumoaii  Research,  197S,  Jacob  Mincer, 
"f>n*the- job  Training  Costs,  Returns  and  Some  implications,"  Journal 
of  Political  economy,  (.Supplement)  70,  October  1962,  SO-79;  Jacob 
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Minin,  "TIi*'  I>  i  %  t  i  i  hut  i  mi  "I  I.,il'i>r  Im  iidh's:  A  Survey  With  Sp»*  t  i  ->  I 
Krlnnii  r  to  t  hr  Human  <apit.il  Approai  h ,  "  lotirnal  of  k<  oiinm  1 1  hitrra- 
t  Hi'',  8,  M.i  1 1  h  1  'I  70  ,  1  and  ia<  nb  Muh  ot,  Si  bool  mg,  Kxprrirn«e,  .mil 

kainmg.s,  Sow  Ymk  tolurohia  Tmvrrsity  I’rcss  ,  1  4  7  4. 

!’  A  .8.  hirst  and  K.ilph  Tmvry,  'To:,  t  -  Hour  f  i  t  Analysis,  A 
Survi'V,"  Kioni'imi  liiiirn.il  ,  71,  prirmbei  I4br>,  7(,  l  Srr  .1  1  so  :  l.n  k 

Hiishiritm,  rt  a)  ,  Wntrj  Supply,  I'lnvcrsilv  •  .  Chiiago 

I’M’SN,  J  '*»■!  ‘  ,  I'l.’-I,  4  11 T  t  ■  1  Ilf  1  (14741,  ‘Hi-  I  . 

IS  The  Pub  I  i •  Sriviirs  I  ii  •  ■  r  4 1  <■  i  v  of  Or,  •  r  k'-  t  own  l diversity 

published  i  booklet  till  «-<1  A  miidr  to  P.diuatinn  ‘>ut*omr  Measurements 
•mi  I  hr  i  I  I  sr  ,  ill  1 ’I  \  It  IS  .1  srrirs  of  six  seminars  t"i  il;.r  by  nln- 

tills  uni  1 1 1  tir  i  s  I  n  t  r  i  r  s  t  r  .1  ;  n  t  hr  p  |  •  "III i  t  I  on  ■  !  r  <hn  4 1  i  o|i  .  They  t  r  r  1 

t  h.*'  ”.it  liirvrncnl  "  test  sines  •  lint  n|r,|u.it  r  1  y  mrasuir  the  tot.il  out¬ 
put  t  my  s,  tu.nl,  ■  1  i  III  4'hl  i  t  l  Oil ,  srr  Mark  Hlaug,  "The  Proilut- 

l  i  v  i  t  v  "  t  1  iii  vn  r,  it  ii".  ,"  i  n  1  H  1  .nix  ,  r.l  ,  Ki  oinun  1 1  s  of  l.ilm  .it  ii>ii,  11, 

h. tltimnr  I'riiKuiii  hooks,  1  n«  ,  1'iti‘i,  tit,  Mark  HI  ••  n  k  Ah  I  n  t  roilui  t  i  on 

to  t  hr  Kioiiobihs  't  K. Ill,  .it  I  oil ,  I  oinl.'ii :  All  rn  I. .mi  Thr  Penguin  Press, 

l‘*’o,  .!«>4.  Hoi*  1  r 11470*,  IH,  Pin  A  H.mushrk,  "tomrptu.il  .* n<l  km- 
piin.il  I  s  sur  s  m  thr  Pstimatioii  ot  hilwi.itioii.il  P  r  *  »dui  t  i  on  huin  t  inns 
Ttir  1  .iii  ii  .i  i  of  llum.tti  Hrsoiiiirs,  XIV,  Summn  l‘*7‘h,  UiT ,  Kershaw  (1404), 
tc'i  ,  Henry  M  I.rvm,  "t'otn  rpt  s  of  P.ioiiomii  h.ttiiinny  4111I  Kituialioii.il 
Pi  o,)ii,  t  1  "ii , "  in  K'tui.itioii  is  .111  Industry,  losrph  1  Krnnmkm,  rt  .1 1  , 

r'ls  ,  1  aah  1  1  >1k*'  H.illniRri  PuhiishiliK  to,,  1'1,'h,  1‘iJI-A;  Daniel  K 

i. urikr,  and  Sol  I  h  Mil. Hill,  "Hr  K I  r  s  s  1  oil  Analyses  .mil  Kilui  .it  1 0(1  Pro* 

.1 11 1  t  i'll  hull,  l  lolis  (  .III  lliry  Hr  Trusted’"  H.irvai'f  p.fui  .It  1  oll.l  1  Review, 

•«  '>  ,  Auxust  1  '>  ‘  1  ,  .iii.l  I  >  .1  v  1  ■  i  Si'h-iI,  I’rb.m  P.i  otiomi  1  s  ,  Homewood,  [I.. 

K  1  I  tl.l  I  d  l>  i  1  V.  1  Ii  ,  1  n.  ,  1  ,  .’ft,' 

IS  Srr  Ap  priil  1  x  A  In  r  I  1 1  1 1  .it  urn  s  l  4 1  emeu  t  s 

.'I,  Raw  ,l.i :  .1  tii  tin-  l  SAKA  supports  the  statement  .itul  trasoti  .linin' 

says  it  must  hr  t  I  lie ,  thr  ilosei  our  (jet  s  to  gi  aitu.it  loti ,  thr  less 

likely  thr  stUilrnt  is  to  vilhdiaw  Srr  tilresoii  (14/41,  170;  also  llfril 

(  1'1'iK  1  ,  100 

>  I  lofin  Heim  ami  lewis  Perl,  fhr  kduiatinujl  Production  pumtlon 
1  «p  1  1 1  at  1  ons  fin  Kilui.itloii.il  Manpower  Polity,  lth,ua.  New  York;  Insti- 
1 1»  l  e  of  Pub  1  1 1  Kmp  1  oymrnt  ,  New  York  Stair  Sthool  of  Industrial  aluf  I.aboi 
Hrl.it  mns,  t  ornrll  I'nivrisity,  147*4,  4 

»’»  I'-'Rh  Hurstrin,  "Thr  Analysis  of  Multilevel  Data  in  Kilutation.il 
Rrsrarih  atul  Evaluation,"  Review  of  Hrsrarth  in  Education,  Vol.  K,  l)avt*l 
T.  .  Herlmei,  rd  ,  ISA:  Ameriiau  Educational  Research  Association, 
1480,  lb4 


CHAITKK  il 


A  KKV1KW  i  iK  THK  1. 1  T  KHATl'KK 

lot  r o.lui  t  1  on 

\  v  w  .i  s  >•  v  1 1 1  ••tit  iii  i  h.ip  t  r  i  1  ,  the  p  i  of.  |  cm  ill  i  c  s  scl  i  ii  this  d  i  x  s  <•  i  - 

till  n  !'  tli.it  t  1 1  t  i  i  t  i  oil  fro*  institution-.  .  f  h  i  ^hr  r  lrjnnnj(  and  t  hr 

'let  r  i  m  nant  s  t  1 1  t  i  i  t  i  -  -  n  it  w  .»  s  a  I  ■■  i  nl  i  <  .i  t  r  d  I  hr  I  r  th.it  t  hr  rdii  * 

-  .it  i  ti4  I  p  t  •  -to.  t  i  ■  -n  t  i  ii  it  t  i  on  .ipp  t  04-  ti  i\  iis«--l  to:  t  with  l  hr  -ulilr.t  f  r-4 1  u  r  r 

f  t  j »- .1 1  i  <>  «e  -lit  |  lit  i  t.-int  pi  o.hi«  t  i  on  of  g  ■  adii.it  e<.  ,i:,il  nougr  ailuat  rs 

’hr  (•  -1\  1  i  i  t  ••  i  .1 1  ii  i  »  wtii.ti  Inins  t  hr  <"lit«-xt  ?  <  >  t  t  ti  i  s  problem,  tor  t  hr 

n»  t  ti  t.  i  -  i-mi  i  ■,  «•  )  ,  Hit  f-.|  t  hr  mili<«ns  of  <-<liu.it  loll  in  xrlirr.il  IS 

•  i .  i  l  t  *-  mtrnsi'r  .ml  wtiiii  it  n-Uti-i.  to  .ill  lrvrls  <•!  education  t  hr 
m.i|oi  t  i  os  i  *.  n  [iiim.ii'.  ml  sn  on.  l.i  i  y  r.lm  at  i  <>n  Ttir  methodology  ot 
t  ti  i  s  litrr.itmr  is  ,ii  ...  ’.  r  i  y  t'i".nl  m  tti.it  sour  studies  4rr  extremely 
4 1 1 4  v  t  i  -  .i  1  and  ju.iiit  1 1  .it  i  vr  in  ti4tuir  while  others  .tie  very  descriptive. 

Sin<r  this  .1 1  s  sr  i  t  .i  t  i  ..ii  is  in  t  tir  jrr.i  of  applied  n  otiotii  throry,  this 

■haptrr  will  irvirw  "lily  selected,  relevant  litrr.iturr  on  attrition  at 
on  i  vr  rs  1 1  i  rs  4int  l  hr  usr  ot  production  turn  t  inns  in  t  hr  rconoau  s  of 
r  <tu<  .it  ion  therefore,  t  hr  (haptrr  is  dividrd  into  two  major  sn  t  ions 
(attrition  amt  pioiluitioii  (unit  ions)  with  each  section  bring  further 
subdivided  into  arras  ot  torus  to  provide  readability  and  also  to  pro- 
v i dr  tasln  reference  to  specific  subtopics  in  which  thr  reader  may  he 
interested.  Selected  studies  on  attrition  are  included  in  Appendix  B 
while  studies  using  educational  production  (unctions  are  in  Appendix  C. 

The  general  impressions  one  gets  froai  the  selected  literature  on 


-*  t  t  i  it  it'ii  i  .hi  hr  Miiran.i  r  i  /r.|  i  n  I  hr  f « » I  lowing  st  .it  rmrnt  s  Although 
•- 1  1 1 . 1  i  havr  hr  r  ii  ii  <  omp  I  I  shril  .it  |>|  m.liv,  sr  i  oml.l  I  y  ,  and  h  I  ghr  i  insti¬ 
tutions,  f  hr  m.i  |  o  i  thrust  is  i  r  r  <  t  rd  toward  iinivrrsit  |i‘s  Kr a  sons 
stmlrnts  it  i  vr  t  o  I  .flopping  out  of  tollrgr  .« t  »•  grnr t a  1  1  y  s  l  m  i  I  ,l  r  III  raih 
of  tin  studies  prifoitnnl  and  V't  t  hr  <  onsrnsus  is  th.lt  thrir  iiiirrntly 
mists  IIO  .idr.pi.it  r  method  hi  pirdi.ting  win  i  Ii  rntriiuK  students  will 


i r  gi ado at i on 

f  trial  1  %  .  ■*(>  to 

■|0  pr  1  . 

/•Ilf  of  .1  | 

1  f i rshmrn 

mi  i  vr  1  s  i  t  1  r  s  w  i 

1  1  nrvr i  i  omp 1 r 1 

1  r  .i  ^  i  it  ».i  1 

for  t  fir  [in  i  - 

t  Ii  l  s  'f  1  s  sr  I  t  a  t  1 

on  ,  m.illV  o  (  f  fir 

.frl  .Ills 

of  thr  1 

1 1  /■  ra  t  ui  r  a  i  »• 

•pi i t r  useful  t  .  g.i  i  n  in  mi'lr  i  s  t  .iii'li  ng  of  t  h»‘  pinhlrm  of  univrrsitv 

4(  I  I  It  I  m|i  f  o  I  (his  i  r  .IS  oil .  .1  I  .1 1  hr  t  dr  t  .1  I  I  r.|  (  r  V  l  rw  of  I  hr  attrition 

I  ltil.lt  ill*'  is  umlr  i  t  .i  kr  n 

[<\  tfu  s.imr-  t'krn,  t  hr  general  i  mp  i  r  s  s  i  on  s  nnr  gets  from  t  hr 
Iri  t  r.|  i  i  l  r  i  ,i»  u  I  »■  on  r.hn  .i  t  I  "iu  1  (•  i  oilm  l  I  "ii  film  t  I  oils  a  rr  :  (  I  )  t  hr 

ma  ]  ■  1  1 1  y  t  effort  .1  •  (  <  <mp  I  i  s  hr  *f  w.is  ifotir  .It  t  hr  pi  im.iiv  m  nci  oinl.l  ry 
Irvcl  of  r  .fin  .it  i  on  ,  i.  'i  t  fir  m.i  |  o  I  prohlrm  or  <  r  1  t  1  .pie  about  these  edtl- 
i  .it  l"li.n  |>  r  oilm  t  i  on  fuin  t  ions  tlr.ils  with  t  fir  mr.isur  rmrnt  of  output,  and 
l  ii  tfu-  primary  output  rar.isuir  used  w.is  somr  hiim  of  lognilivr  aihrrvr- 
HM'tit  .IS  •r.jsutrd  by  trst  rrsuft.s  Dir  .tp|>ro,n  h  usrif  ill  this  illSsfr* 

Ut  mu  hoiiows  mu<  h  in  grnrral  from  t  Ii  i  s  extensive  1  1 1  r  rdt  ui  c  ami  thru 
extends  it  through  t  hr  )oint  pi  o. Ill,  •  apptoaih  to  output  measurement 

At  t  i  1 1  i  mi 

What  it  is  ami  Why  Study  it 

(living  a  srrirs  of  stalistiik  about  any  tnpu  without  first  defin¬ 
ing  wfiat  is  firing  •rnurnl  hy  thosr  statist  its  would  hr  highly  tal- 
lai  mub  Thr  •railing  of  "diopoul"  or  university  "attrition"  drprmls 
upon  thr  rontrxt  in  whi(h  it  is  •rasurrd.  Onr  rxtrrsw  is  to  drfinr  a 
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di>p.>ut  as  .  >nr  will'  leaves  (..liege  fill  any  pci  mil  of  t  me,  t  r  ga  rd  I  rs  s  <>l 
the  irjsun,  thus  I  >  <  1 1  obtaining  the  desired  degree  goal  -it  the  s.une  time 
is  the  i  lass  with  whnh  said  student  originally  emullr.l  Th.it  defi- 

1 1 1 1  i'll  r.  ii  se«l  hv  IVivin,  He  i  k  ,  anil  l).i  1  i  vm(>  I  e  ,  .is  well  as  V.i  i  /ey 

(  I 't  ‘  I  ■  Mill  "theis  imply  a  definition  that  only  those  who  drop  I  r"H 
siho.'l  and  (level  ...mplele  a  degree  .1 1  e  i  "lint  cl  .is  .ll  "pollts  S 1 1  <  h  .1 

.1  e  t  i  n  1 1  i  "ii  implies  that  S'  'me.  'tie  i  e.ju  i  r  i  ng  a  1  <>nge  r  pe  i  i  .  >d  of  t  i  me  t  '  i 
■  mplete  the  re.piiie.l  .teller  goal.  whethei  i  II"  r«l  I  ll.l  t  e  I  y  longer  oi  riot, 
is  lot  a  liop.  ut  hut  is  i  list  e  ail  a  peisister  That  is  the  i  ase  in 
K.waiski  i  I  u  *  ’  i  .is  state. 1  in  the  title.  The  I  mna  >  t  of  College  on  Ter- 
sisting  aii'l  Nolipe  i  s  i  st  i  ng  St  u.leiit  s  <  >i»»-  author  even  goes  to  the  other 
exit  erne  i  ii  1 1  t  I  e  i  ent  i  at  i  tin  between  "sui  .  ess  t  u  1”  students,  '’readmitted" 
students,  and  liop  uts  "  V.t  all  authors  or  researchers  think  that 

•4 

v»  I  \ 

The  otllv  wav  t  •  hi-  .  ■  >mp  I  e  t  e  I  v  .  lear  when  present  i  ng  SUI  h  statist  MS 

is  t  .  Ir  t  i  (u  pic  i  se  I  v  what  is  meant  with  each  s  t  a  t  i  s  t  I  .  ottered 

lliru-l  ir,  i  n  the  sc.  I  I  Ii  "Ii  a  t  t  I  1 1  i  on  stat  1st  I.  s  wh  1  <  h  is  suhse.juent  I  V 
p  i  e  s  e  nt  ed  .  pie.  i  se  .let  i  n  i  t  i .  >ns  are  p  i  o  t  t  e  I  e.l  to  e  i  a  se  any  douht  ahoii  t 
t  tie  i  r  meaning  and  magnitude 

Sow  it  is  known  that  attiition  tail  he  defined  to  suit  the  parti.u- 
I  a  i  author,  why  is  it  i  topic  of  sutfu  lent  importame  t ..  study'  The 
main  reason  is  due  to  the  mvts  . •  f  education  already  mentioned  in 
(hapter  1  Km  those  students  who  arr  admitted  to  a  university  hut  drop 
out  and  nevri  rarn  degrees,  the  cost  to  the  individual,  the  university, 
and  to  sui irty  is  high--both  in  monetary  and  nonmonetary  terms.  '  The 
nonmonetary  terms  are  probably  as  important  as  the  iKinelary  ones.  An 
example  from  Lawrence  S.  Kubie  illustrates  this  point. 
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When  A  uses  up  a  place  in  a  medical  school  or  eng  1  nee  r  i  tig 
school  and  thou  fails  01  voluntarily  drops  out,  A  has  lost 
that  discipline*  not  one  hut  two  possible  scholars  or  prai  - 
titionrrs  to,  himself  and  B,  who  would  have  been  there  in 
A's  plaie  it  A  had  not  been  there;  and  B  might  not  have  become 
a  dropout 

|Kuhie,  1966,  pp 

These  r,oi  ial  costs  cannot  fie  evaluated  in  monetary  terms. 

When  a  stuient  leaves  college  before  giaduating,  he 
evokes  a  variety  of  [espouses  from  the  social  milieu,  from  his 
college,  from  his  parents,  and  from  himself  These  responses 
mas  to  some  degree  he  appropriate  and  reasonable,  hut  they  are 
often  strongly  colored  by  the  kind  of  emotional  excess  that  an 
individual's  deviation  from  some  widely  accepted  and  insti¬ 
tutional  i red  value  system  is  apt  to  evoke  ...  In  the  state 
of  present  knowledge,  it  is  of  course  difficult  to  demonstrate 
conclusively  to  what  extent  society,  whether  at  the  national 
level  or  otherwise,  is  guilty  of  premature  judgements  and 
emotionalism  when  it  looks  at  the  college  dropout.  There  are, 
however,  hints  that  the  guilt  is  there.  The  dropout  is  often 
referred  to  as  a  drain  on  national  resources.  He  is  presumed 
to  represent  wasted  talent,  .  .  . 

I  Per vi n,  et  a  1 . ,  1966,  pp .  9-1 0| 

hcjually  as  important  in  the  'why  study'  category  is  the  allegation 
t»y  lope  and  Hannah  (19/S,  p  S)  tfiat  most  university  faculty  and  ad¬ 
ministrators  take  a  we -won  1 d- rat  her -not  -  know  attitude  toward  withdrawal 
data,  and  thus  the  extent  of  the  problem.  So,  if  it  is  a  problem 
(enough  evidence  has  already  hern  cited  to  at  least  substantiate  that  a 
reduced  attrition  rate  would  create  a  more  favorable  allocation  of 
resources,)  attnt  >n  studies  can  be  used  to  highlight  awareness  of  the 
problem.  Other  potential  uses  cil  such  studies  include  "the  building  of 
models  that  will  allow  the  prediction  of  which  students  will  drop  out 
and  of  the  number  of  students  who  will  drop  out . "b  And,  of  course,  to 
determine  from  the  studies  what,  if  anything,  can  he  done  to  lower  the 


existing  attrition  rates. 
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M  t  .in  t  In  •  i  s  kilting  .  .<1  .1 1  t  i  i  t  i .  'ii  ■  oil'  I  ude  t  ti.i  t  t  tii'  .  ]  r  1 1  pi  .ii  t  i  1 1  r  s 

\  ,i  i  t  i  . 'm  i  ■  >  1  1  r  k>-  t  •  ■  i  ..|  Irgr  .mil  I  it  V W  h  e  r  O  from  M  -  SO  [>*■  r  i  f  n  t  . .  t  in 

I'll  t  <■  i  1 1 1 K  I  i  r  .tun.  in  (  l.i’.s  will  k  i ’.iitu.it  e  lium  the  university  will-1  I-  they 
stalled  in  1  .ii  i  vi-.i  i  s  Kowalski  i  1  !  i ,  p  (1  ii.irr.iks  t  hr  i  .inn*-  ion* 

s  i  di  i  ihlv  t>v  xivinx  t  li<-  t  ■  ■  1  I  i'k  i  ng  .  i  *  t  eve  iv  loti  students  entering  t  ti»- 
.  •  ■ .  1  <  ge  \  III' I  iimviTSit  II'.  I  II  t  he  1  li  i  t  e<!  S  t  ,1 1  es  ,  .•{>!>  I  oX  1  m.l  t  e  1  V'  t  or  t  V  will 

•i  >m  J  >  i  r  t  r  .i  I.  .«•  he  1  >  •  I  .Irgi  re  within  1  ■  >u  i  ve.i  i  s  ,  .mother  twenty  will 

it  i  .i.Jii.i  t  e  iii  mu  i  it.Iiiik  veils,  .uni  ipjir  o*  i  m.it  <•  1  v  t.uty  will  m.t  jti.iilu.it  r 

it  til  Mi-.  .  ■  in  1  us  I .  II  IS  MI|||...  i  t  >-.l  !>v  the  findings  Ilf  l..i  itil,  f'rrviti, 

K 

•  I  1 1  •  1  i  t  t  '•  I  t  His  t  in-liriK'-  Me  .lit...  ill  line  with  the  stu.lv  hy  lex  on  the 
’  I  .1 '  -•  "I  i  '*  S  ■*  (ex  I  t  St.  I  ,  I  hi  S.|  1 .1  th.lt  IS  v;  nl  the  I'l.isj,  ,  for  ill 

puhiii  .m.l  private  i  1 1  -.  t  it  nt  i .  •  n '  -  in  the  I  nite:.  St.ites,  graduated  on 
si  he  (ole,  I  e  ,  f  .  •  t  ii  Veits  ,i  t  t  e  i  beginning  sihool  When  .11  ■  mill  t  1 II  Jt  h'l 

pub  i  l  '  l  IIS  t  l  t  lit  i  .  .III.  ••Ill  V  .  t  tie  .  oltlp  1  r  t  |  •  .|i  I  .1 1  e  .  1 1  ••  J  •}»«-.  1  to  oil  1  V  1  1%  1  o  [ 

t  lie  i  1  .1  *  *.  ..f  I'*'.-. 

'.  >hv  l  .  .US  I  V  there  .lie  Milne  |!|  iv.lte  institutions  wfllitl  fl.ive  iompletlo/1 
i.ites  s  I  xn  I  f  1 1  .ilit  1 V  higher  th.in  •*1>X  to  he  able  to  t.iise  t  lie  .ivt'i'i||t'  to 
tfi.it  (mint  'if  th  r  universities  studied  hy  Kowalski  (l‘l.f/,  (i .  1), 

I'riinetoti  liiiveisity  had  the  smallest  attrition  rate,  only  .’OX,  or  ,i 
sm.rsstiil  toiir-ye.il  >  iia|ilrt  ii.li  r.ite  ot  KllX 

treasons  tor  Attrition 

The  next  1okm<*1  .piestion  to  hr  muwrtnl  om  r  the  attrition  sta¬ 
tist  ii  s  havr  been  high)  t  |tht  e<t ,  is  "why  <Jo  students  drop  out  of  a  util  - 
verxity'"  It  attrition  tatrx  are  to  he  i  hanged  to  any  degree,  it  i  .s 
imperative  that  a  knowledge  ot  reasons  for  dropping  out  he  known. 
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•  III  I  it  I'M  ‘  111  I  i  l I  |  vr  I  Nr  i t  (if  ■■  t  in  If  III  N  w(f‘  d  I  op  out 
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i  i  i  in  is  i  pie  ■- 1  i  oii.ili  I  «•  |u  .ii  t  1 1  r,  i  ■  ns  I  ill- 1  i  ng  I  (if  ■  omp  J  f  x  i  t  V 

■  I  t  (u  ‘It'i'oiit  plir  iiomiiioii  .iif)  t  In-  nitiii.il  t  f  rulf  in  v  l“i  prisons 

t  •  i  it  iMii.il  i/i'  ('i- 1 1  .i\  i  *  >  i  w  Ii  l  i  Ii  mi  K  ('  t  I'**  rrg.i  i  <lf  <!  I  >y  "t  (if  i  ’.  is 

i  \  i  • !*- r i •  <■  ■  I  I  i  i  I  ii i  f 

|  A t  in.  1  't s  ,  j'  1  -i  | 

Hr  (n  r  .  I  l  I  (f  I  f  l|.  r '.  I'i  I  U  i  fll  l  ii  t  If  •  I  ’•  Is  !  "  i  .11 1',  i".  "  f  1  t  t  I  I  t  I  oil  |o 
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lintr.l  States  was  ai lively  involved  in  the  Korean  ('mil  hit  and  the  diatt 
laws  were  i u  full  effeit  for  young  men  In  addition,  when  lomhinrd  with 


the  women  and  using  the  same  weight iiik  proiedure  previously  mentioned 


Table  ••  -  -  A  s  t  in  Study,  kr^suns  for  t'o  liege  Dropouts 


hi.  AS1  >NS  Sr 

Men 

Wf  1 1 1 

1  ri  t  ed 

Hank 

Women 

Win. 

Sr  let  1 e<1 

K«*nk 

<  tve  ra  1  1 

X  Hank 

bo  r  1  dom  with  <  oil  I  se  s 

U. 

1 

S 

t 

1 

f  i  nam  i  .i  i  d  i  t  f  1 1  u  1 1  i  es 

:  4 

t 

7 

) 

78 

•’ 

|  it  hr  i  lea1.  -  .ns 

1 1 

•’ 

J  *4 

>■4 

.'8 

Mai  i  i  a  ge  ,  pt  egn.iio  y  , 

•  l  ot  fir  1  family 

r  r  s  ['oil'-  i  !'  i  i  it  v 

1 1 

H 

w 

1 

2  i 

a 

I'",  i  g  i  .ides 

:h 

*4 

1  ‘4 

7 

i  » 

a-  a. 

:i 

1 ' l  ■-  at  i  s  t  at  t  i  "h  with 

1  rip;  l  l  erne  lit  s  ■  •  I 

1  rKu  i  at  I  Oil". 

s 

.If) 

S 

)  f 

'i 

1  ii.mgr  in  Mien  go  a  1  '• 

ri 

r» 

.'0 

s 

14 

1  nab  i  1  i  t  v  t>.  t  ak<- 

■frs  i  i  rd  i  ..iii  M's  o  i 

l'i  ■  K«  am-' 

i  .■ 

i 

*> 

K 

1  1 

8 

l»Ood  job 

in 

ll 

h 

10 

4 

4 

Illness  or  a <  >  i dent 

> 

111 

/ 

4 

7 

10 

1)  I  t  t  1  (  11 1 1  y  <  ooMut  1 11  g 

i 

l  1 

\ 

1  1 

1 

1  1 

Distiplinary  troubles 

U 

) 

1  1 

f 

\1 

Jkat  h  dropout  wik  (jivrii  the  opportunity  to  select  a  maximum  of  three 
iriioiu  f  i  oa  the  list  of  twelve  Hence  the  total  percent  being  grratei 
than  1001  Information  for  this  table  extiaited  f roa  Ant  lit  1197S, 


Tahir  b--Hfert  Study,  Reasons  (or  College  Dropouts 


Percent  Rating 
the  Reason  to 
he  of  Some 

Rank 

of  , 

Import 

ante 

Important e 

Reason 

Men 

Women 

Men 

Women 

I 1 1  ness  (self  l 

7  .  12 

10.07 

lb 

7 

Illness  ( f  ash  1 v  ) 

ft  6S 

10.07 

16 

1  1 

F  i  mm  i  a  1  (sell) 

41  .  1ft 

16  56 

2 

1 

F  i  riant  i  a  1  (  f  ami  1  y  1 

29.66 

12 . 26 

b 

4 

College  too  di((i<iilt 

26 .  S  1 

19.96 

10 

B 

Needed  at  ho*r 

12.  S9 

12.  b) 

12 

10 

Ma  r 1 1  a  1  difficulties 

1.62 

.1.  12 

1ft 

lb 

Full'll me  job 

26.  IS 

1 7 .  IS 

7 

"> 

Lone  sow  and  unhappy 

16  69 

16. bb 

1  1 

9 

Ma  r  r  i age 

10.69 

49.20 

n 

1 

Too  long  to  ivMutr 

6  SS 

6.5S 

1  7 

lb 

Low  grades 

60.00 

22.92 

4 

b 

Military  (drafted) 

26.62 

0 

b 

21 

Military  (enlisted) 

6b.  17 

.97 

\ 

18 

Lost  interest 

68.00 

13.01 

1 

b 

Academe  dismissal 

18.  16 

6.90 

8 

13 

Academe  probation 

21.26 

10.09 

9 

12 

Other  probation 

2.00 

.44 

20 

19 

T.i  t>  l  #*  S,  font 


Hr 

1  >t  tir  i  .1 
I  >  i  «.«  ip  1 
lh nr-  i  nft 

>  A  (  ll  1 

i  r a sons 
or  tin  o 
I  14', 8  , 

^  Tlirse 
|><>  ft  a  III 


IV  r < ent  Rat i hr 
t  hr  Reason  t  o 

hr  of  Sour  Rank  of 

Ujnirt  jmr  Import  ante 


e*S..n 

Mr  n 

Women 

Mrn 

Women 

:  /«. 

1  06 

1«) 

1  ; 

i  n.i  i  v  siisprns  i  on 

!  66 

»'i 

2  1 

JO 

0  .  -4  1 

)1 

16 

u 

i  opoiit  stmlrnt  was  afforded  thr  opportunity  to  r.rlnt  multiple 
fioin  thr  list  of  twenty-one.  Thru  thry  were  to  rank  t  hrm  in 
f  important r  Information  tor  Tahir  r>  was  ext  rat  ted  from  lffrrt 
T  ah  I  r  UK  ,  p  *>  1  i 

lolumns  ire  hased  upon  thr  "mran  latin*  of  thr  lrvrl  of  im- 
r  of  thr  ir.ison  foi  dropout"  by  men  ami  women  respectively 


T.«l>  1  r  - 1  iimji.i  i  i  sun 

<•(  Krasmis  fi.r 

(Ju  ill  i  n  x 

S<  hoc  | 

k  r  .1  s 

*1 1  1  1  t  .1  1  V 

"IIS 

1  I'll  1  l  Sl  I  'l  1 

llli-rl 

Mrn  Wmoa'ii 

!  IK 

Mi'ii 

Ast 

V.  ■  (mi’ii 

Mill  i 

1  i  1 

K 

1 

1  i  ti.iin  i  .i  ) 

1  :.r  i  1  ) 

i 

1 

k  ••  i  1  ~  t  i  mi 

i<.t< 

'1 

10 

Just  ml  r 

1 1' s  t  1  Iw.  I  r iIhib  1 

1  i 

1 

1 

I  i  iw  k  i  atlr 

•a  (. 

.a 

; 

M  i  t  i  1  .i  i  v 

t  -ll  it  1  <"t  > 

1 

- 

- 

f  1  ll.Hn  1  ,1  1 

l  1  ,i  m  i  i  y  ' 

1 1  •« 

- 

- 

'  >1  Ilf  1  1  f'.ISntlS 

* 

•a 

S<li.-I  .1. 

:•  s.i I  i  s  t  a.  1  1  nil 

_ 

') 

s 

I  Ivr  r.«  1  I 


1 


Nv  . . .  ,1. 


V) 


(  srr  not  r  111,  the  military  reasons  f  .1 1  I  way  out  of  the  top  f  i  ve 
Related  to  that  l t  hr  iik  iratnl  tatr  of  ifropoiit  fn|  lowing  t  hr  rrpral  of 
t  hr  diaft  laws  as  tf  1  si  ove  i  rd  hv  Tmto  <  1  **  / '» .  p  ‘>K  )  His  findings 
iioliiatr  that  more  students  wrtr  using  higher  education  as  a  hedge 
tga  i  list  hr  i  tig  .halt  r<l . 

Compare  t  hr  lomhined  results  of  Iffrrt  and  Astin  with  one  of  the 
loniliisive  statements  hv  (into 

The  i  ha  i  at  t  e  r  i  s  t  1 1  s  of  t  hr  i  ns  t  1 1  nt  i  on- - retumri  es  ,  fa* 
tilities,  strut! ura  I  arrangements,  ami  > ompos 1 1 i on  of  its 
members- -pi  at  r  limits  upon  the  ilrvr  1  o  patent  ami  integration  of 
individuals  within  the  institution  ami  that  lea>t  to  the  de¬ 
velopment  of  atadrmit  amt  sotial  <1  mates  with  wfiith  the 
lmlividual  must  tome  to  grips  These  same  t ha  rat t e r l s t 1 1 s  are 
also  true  with  respet  t  to  the  sotial  system  of  the  college 
suite  mui  h  dropout  appeals  to  result  from  a  latk  of  t  ongruent  e 
helwrrn  the  imtividual  ami  the  sot  lal  t  lim.ite  of  the  insti¬ 
tution  ratlin  than  any  spet  if  it  failure  tin  the  part  of  the 
i  ml  I v i dua  I  . 

I  Tmto,  I'f/S,  p.  Ill 

Iwo  othei  authors  conclude  t  lie  i  r  reports  by  saying  that  aiadrmit  , 
motivation,  and  finante  emerge  as  the  most  important  tie  t  p  rm  i  nanl  s  of 

attrition  1  " 


Credit  ting  Who  Might  Drop  Out 

l»i veu  the  reasons  foi  dropout,  is  it  possible  then  to  predut  witfi 
mm  h  itturaty  who  will  drop  out  of  college'  It  has  already  been  as¬ 
serted  and  doiumented  in  Chapter  I  that  there  exists  a  general  inability 
to  predict  which  students  will  drop  out  of  college,  especially  when 
using  preadmission  testing.**  However,  there  does  exist  some  evidence 
of  certain  characteristics  which  may  lead  a  student  to  drop  out  of 
school  Attributes  (sex,  race,  and  ability),  precollege  experiences 
(high  school  U.F.A.,  academic  and  social  attainments),  and  family  back¬ 
grounds  (social  status  attributes,  value  climates,  and  expectat tonal 


if) 

i  h«»lfsl,  all  have  both  direct  and  indirect  impacts  upon  performance  in 

1 U 

and  subsequent  completion  of  college. 

The  following  conclusions  reached  hy  Kowalski  (1977,  p.  77),  while 
directed  to  the  prediction  of  individual  student  success  as  opposed  to 
the  approach  taken  here,  do  nevertheless  shed  light  on  some  of  the 
underlying  causes  of  attrition: 

ill  It  is  unlikely  that  a  student  with  academe  disabilities  and 
peisonal  pressures  will  continue  his  education. 

( «.' i  Students  who  have  academe  and  person-1  problems  can  be  l  - 
dent  if  led  as  potential  dropouts 

(t)  The  education  level  of  the  student's  father  is  highly  indica¬ 
tive  of  whether  the  student  will  persist. 

(41  A  student  who  maintains  a  positive  personal  relationship  with 
his  advisoi  and  other  faculty  members  positively  influences  his  chances 

to  r rma in  in  sc  hon 1 

(Si  Having  a  definite  ectuc  at  tonal  goal  in  mind  enhances  per¬ 
sistence  possibilities 

Items  •«  and  '>  coincide  closely  with  the  Tope  and  Hannah  (1975,  p. 

10-’ i  statement  that  the  most  important  fac  tor  in  a  university’s  holding 

powet  over  particular  students  is  the  student’s  identification  with  the 

college  Students  are  much  more  iikrly  to  prrsist  in  a  school  which 

they  have  chosen  because  of  its  clear  image  values  and  the  program  it 

offers,  if  the  student  knows  what  he  or  she  wants. 

The  model  of  selective  admissions  based  on  test  scores 
and  grades  is  Inappropriate.  Colleges  should  place  more 
admtaaiont  emphasis  on  "whole-person"  indicators  of  ac¬ 
complishment  (creative  writing,  a  hobby  in  science,  a  goal  in 
life,  etc.).  These  students  are  much  more  likely  to  becoaK 
outstanding  individuals  than  those  with  high  scores  on  SATs 
and  ACTs,  which  offer  virtually  no  indication  of  capacity  for 


significant  intellectual  or  arslhrt  n  contribution  in  later 
.1  r  s 

|  (  opr  h  Hannah,  19  7'),  pp  .  10(*-S| 

Hie  answer  to  t hr  question  wh i < h  began  this  section  (is  it  possible 
to  identify  who  will  drop  out'')  is  a  qualified  ''no”.  The  qua  1  i  f  i  <  a  1 1  ofis 
are  that  trrtain  student  < ha r a< t eri s t i i s  and  student  background  char- 
.11  tn  ist  us  way  lr.nl  a  student  to  drop  out  of  a  university.  As  the 
litrratuie  showed,  however,  one  of  the  most  important  aspects  of  l 
iinivrr: itv  .  bolding  power  over  students  is  the  extent  of  identification 
that  each  paittcular  student  has  with  the  university.  This  would  seem 
to  imply  that  "holding  power"  wight  override  the  c ha rac t er l s t l c s  and 
(his  accounts  for  the  uncertainty  of  prediction. 


At  t i  1 1 i on  Suama i y 

The  statistics  flow  attrition  studies  indicate  that  only  ^0  to  SO 
percent  of  a  beginning  freshman  class  will  graduate  i  ii  four  years  from 
the  institution  <>f  first  ma  t  r  r  c  u  1  a  t  i  on  .  of  every  one  hundred  students 
entering  a  university  i  ri  t  fie  Tinted  States,  approx  ima  t  e  1  y  forty  will 
never  graduate  A  good  summary  "f  the-  reasons  for  attrition,  prediction 
of  quitters,  and  l  fie  studies  performed  is  made  by  Huber. 

quant i l at i ve  indices  are  useful  in  a  rough  sense  at 
the  lowei  end  of  the  scale  foi  placement  purposes  and  are 
quite  predictive  when  one  deals  with  the  lowest  two  deciles  in 
that  there  is  some  assurance  that  these  students  cannot 
function  at  a  satisfactory  level  considering  their  present 
level  of  preparation  and  ability  regardless  of  other  factors 
of  interest,  motivation,  etc.  But  for  students  in  the  mid  and 
top  ranges  the  degree  of  correlation  between  these  data  and 
actual  performance  and  retention  is  insignificant.  Another 
way  of  expressing  it  is  that  in  those  cases  where  it  is  clear 
that  the  student  can  function  at  a  satisfactory  level,  or  even 
unquestionably  at  a  superior  level,  most,  in  fact,  do  not  so 
perform  and  either  voluntarily  or  involuntarily  leave  school. 

.  .  .  It  does  not  follow  that  increased  retention  and  gradu¬ 

ation  and  a  comparable  decrease  in  attrition  will  result  by 
increasing  the  level  of  prior  academic  performance  for  ad- 


\2 

mission  or  complicating  t  hr  cpiant  i  t  a  t  i  ve  apptoach  to  admission 

hv  wav  of  prior  grades  and  test  srorr*  . 

| Huber ,  1971,  pp  20-1 | 

These  conclusions,  based  primarily  upon  t  hr  studies  rrlrrrm  nl  in 
l  hr  (hapfri  as  well  as  iri  Appendix  B,  support  t  hr  notion  of  a  study 
which  is  macro  in  naturr.  Su<  fi  a  study  is  our  which  examines  >  lass  and 
institutional  characteristics  in  lieu  of  studying  each  individual 
stndrnt  where  an  attempt  is  made  to  determine  whether  or  not  said 
student  will  drop  f i on  the  university  Such  a  macro  study  should  expose 
determinants  of  attrition  rates 

T.duc  at  tonal  I’roduc  t  ion  functions 
Why  Investment  ' 

hi  the  purposes  of  this  <1 1  sser  t  at  i  on ,  higher  education  is  treated 
as  an  investment  Rood  Chapter  !  outlined  the  joint  products  as  gradu¬ 
ates  (ill  and  noriRi  actual  es  (N).  As  already  stated  in  that  chapter. 

Bee  kri  I  1964,  |i  .  'Ml  suggests  that  some  college,  referring  to  dropouts, 
is  a  relatively  unprofitable  investment.  Should  education  he  considered 
a  consumption  good,  the  output  N  would  have  no  social  value,  only  value 
to  the  tonsumei  In  spile  of  the  reeju  i  rement  that  education  he  an 
investment  good  to  permit  the  use  of  N  as  one  of  the  joint  products, 
evidence  supportive  of  the  fact  that  education  is  either  a  consumption 
or  investment  good  is  presented. 

Blaug  (1970,  p.  17)  says  that  in  Keynesian  theory,  education  is  a 
consumption  good,  not  an  investment,  because  it  is  paid  for  by  the 
household  or  the  government  on  behalf  ot  households.  The  Keynesian 
definition  is  dependent  upon  the  behavior  of  the  expenditure  units,  not 
on  the  nature  of  the  good  purchased.  Generally  consumption  means  ex* 
hausted  in  the  present  calendar  year,  investment  means  using  current 


n 


output  to  (rnri  jtf  highet  output  in  the  future  (Blaug,  1970,  p.  18). 
Vflikn  expressed  it  this  way 

The  ijujsi ‘prurthlr  genl 1 o*an  of  leisure,  l  hen ,  not  only 
<  onsuawv.  of  t  hr  stafl  of  life  beyond  thr  minimum  required  for 
subsistence  and  physical  efficiency,  hut  hi*  consumption  also 
undergoes  a  spec  i  a  l  i  /at  ion  as  regard*  thr  (pia  1  i  t  y  of  goods 
i  onsumrd  Hr  consumes  frrrly  and  of  thr  host,  ...  In  thr 
pro<  ess  ol  gradual  ame 1 i nrat l on  vhuh  take*  place  in  thr 
art  u  Irs  of  his  consumption,  thr  motive  print iplr  and  thr 
proximate  aim  of  innovation  is  no  doubt  thr  higher  efficiency 
of  thr  improved  and  store  elaborate  products  for  personal 
comfort  and  well-being.  But  that  ilors  not  resiain  the  sole 
pmposr  of  the  it  t  nnsumpt  i  on .  Thr  t  anon  of  reputability  is  at 
hand  and  seizes  sut  h  ltinovat  i  mi*  as  are,  according  to  its 
standard,  fit  to  survive  Since  the  consumption  of  these  more 
excellent  goods  is  an  evidence  of  wealth,  it  becoaw“s  honor¬ 
ific  , 

|Vehlen,  19bS,  pp.  7T-88) 

Human  Capital  Theory  challenged  these  rduca t l on-as -a- t onsumpt i on 

idea*  to  make  education  an  investment.  (See  Chapter  I.)  "Human  Capital 

is  the  piesent  value  of  past  investments  in  the  skills  of  people,  not 

IS 

thr  value  of  people  themselves  "  of  course,  all  who  have  written  on 
the  economics  < > f  education  using  the  production  function  approach  in  the 
interest  of  broad  public  policy  are  treating  education  as  an  investment. 

A  higher  wage  foi  educated  labor  would  reflect  an  ex  ante 
belief  in  the  greater  productivity  of  the  worker  with  more 
education  (and  ex  post  va  r  i  f  i  c  a  t  t  oil  of  this)  over  productivity 
of  the  average  worker  drawn  from  the  labor  pool. 

(Puller,  1982,  p.  17) 

fuller  (1982,  p.  91)  further  asserts  that  if  schooling  imparts 
productivity  differences,  the  graduates'  first  full-time  job  should  be 
directly  affected  by  the  level  of  education  attained. 

Comments  such  as:  "Education  is  productive,"  or  "Individuals  do 
not  appear  to  attend  school  primarily  tor  consumption  purposes,”  and 
"School  attendance  appears  to  be  justified  by  its  ability  to  affect 
wealth,"*6  should  leave  absolutely  no  doubt  in  the  mind  of  the  reader 


that  the  author  of  those  statements  favors  education  as  an  investment. 


Still  I'thfis  define  f  he  educational  production  process  in  explicit 
t  e  i  ibs  ,  .in  investment  pn«  rsn  by  wh  1 1  h  inputs  (student,  teachers'  know¬ 
ledge  and  skills,  and  educational  mater  i  a  1  s  )  are  brought  together  and 
tiansf“i»ed  into  a  final  produc t - - t he  graduate 

Aiguments  <  an  be  dynamically  presented  to  support  edmation  as 
eithei  i  onMimpt  ion  or  investment  What  it  really  comes  down  to  is  an 
ideologual  argument  based  on  definition*  and  need  of  the  one  presenting 
t hr  aigument,  and  definitions  are  used  ill  an  attempt  to  justify  the 
approach  of  each  particular  author.  Hovevet  ,  if  one  is  concerned  with 
public  policy,  then  education  bee omes  an  investment  and  the  use  of  a 
pi  oiluc  t  i  on  function  recpiiciug  investment  connotations  is  appropriate. 


1 o rms  of  t  he  1  uni t  i on 

A  fuiiclir.n  is  ,i  cpjanf  i  t  at  i  ve  approach  to  describe  the  relationship 

between  one  value  which  depends  <>u  another  value  or  set  of  values.  The 

general  nictation  in  the  educational  context  is;  F. -f(X  ),  where  X 

i  l 

resources  used  in  educational  production,  F  -  education,  and  f(X^)  takes 

on  certain  c  li.ir.utri  i  st  h  s  such  as  mono  tonic,  continuous,  and  different- 
1  8 

table  throughout  Hut  it  is  not  really  as  simple  as  that. 

We  face  a  pervasive  ignorance  about  the  production 
function  of  education,  that  is,  the  relationship  between 
school  inputs,  on  the  one  hand,  and  school  output  as  con¬ 
ventionally  measured  by  achievement  scores,  on  the  other. 

fBlaug,  19/0,  p.  dt>9| 

This  pervasiveness  aside,  most  studies  utilize  some  simple  form  of 
an  additive,  linear  type  function,  whether  that  be  log-linear  or  other¬ 
wise.  Bowles  (1970,  p.  lb)  prefers  the  simple  linear  additive  form: 


I’l  \  -  bo  •  Vi.  •  Vo  * 


b  X  *  u  , 

Z  21  1 


where  =  output  Measure  of  i1**  student. 


m.i  t  «-  •  1  , 


h  pa  i  amr  t  e  r  s 
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if  1  III’  p  I  mini  t  I  on  f  mil  t  I  on  to  III-  r  >.  t  I  - 


\  .imoijnl  i.(  input  /  .levnt  r.f  to  st  intent  i  s  r.iin  .1 1  I  on  ,  .» n  >  1 

/  i 

ii  t  hr  i|  i  s  t  u  I  Imiii  r  trim 
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h  itvi.it ’1  I.i/r.ii  l  1  ‘I  ;  .  |i  .  i  '  i  prrfrts  t  hr  ln|(-  I  iiii-.ir  foim  for  the 

i  .f  in  .it  i .  in. 1 1  [i  i  ...  hi  i  t  i  on  f  nn<  I  i  mi  Hu  t  ,  in  r  i  I  hr  r  .  a '.  r  t  h»'  mr  t  hoi)  (irtirr 

a  I  I  V  r»ji  1  "Vr.f  1’,  I  r  K  I  r  s :.  i  ..n  analysis 


ill  spilr  ..f  t  hr  i  .mm  i.  .i|i|.|'i.ii  ll  use.),  wli.it  really  happens  .IS  .1 
irsnlt  ..f  t  hr  ••itni.ition.il  I'll'  <  rss  irm.iins  .i  pil//|r 

■  I  o’,  s  -  sri  t  i  i>n.i  1  if.it.1  I  .ill  trjl  us  littlr  .ihout  how  .1 
.fvnamii  svstrm  fi.is  Woik'-.f  in  t  fir  past  or  flow  it  could  hr  ma.tr 
to  w.ok  in  t  fir  tut  ii  t  r  The  morr  complex  .m.i  »off  .lyn.imii  t  hr 
•.  V  s  t  r  m  .  t  fir  less  1  i  kr  1  V  nr  i  niiVrut  I  olt.i  1  .lli.llysrs  to  y  t  r  1  <1 
irll.ihir  infrirnirs  .if.out  it  Ke|{t  rss  i  oil  analysis  falls  to 
•  t.-tr.  t  tvn.imi.  i  r  1  .it  i  onsfi  i  ps  ,  t . .  i  that  irjsori,  if  i  intrprinirnt 
vaiiahlrs  i  ti  .i  t  ■  k  **  "Vri  l  i  mr  in  irl.it  mn  to  others,  t  fir  <lirr<t 
if  frit;.  r.  (fir  .Irprn.frlit  variable  arc  likely  to  fir  under* 
r  •.  t  l  m.i  t  r .) 

|  1  ur.  kr  .  ■  1 1  it  Ml  til  lilt,  l‘f/r),  p.  )47| 


f.  i  tfiat  iras. ii,  ••vrn  t  ft .  •  <  i  k  t>  t  In-  .  nimutily  aurptnl  form  of  litirat 


a.f.fitivi  is  usr.l  t  111  ' .  11 K  ti  t  fir  »..st  xelirt.illv  accepted  mrtfioif  of  multiple 
t  «■  it  r  e  s :.  i .  n  ,  a  Kic-at  .fra  I  ..f  i  a  i  r  must  hr  .uloptnl  when  |{f*ne  r  a  1  i  /  l  iik  I  foo 


I  r  Milts  of.  1.  ii  nr.  I  ..|i  any  stu.tv 


1  nput  s  .in. I  i  Hit  put  s 

(,  i  vr  ii  the  gene i a  1 1 y  ai  i  r  pt  nj  form  of  t  he  e.Jm  at  i  <<n  a  1  proifut  t  I  on 

fumtio!),  it  hei  ..«ev  imperative  to  examine  in  .letail  the  inputs  a  rut 

outputs  useil  in  t  hi  s  pi  o.Iiii  l  ion  process  Kl  torts  to  measure  t  fie  re- 

1  a t  i onsfi i p  between  inputs  amt  outputs  began  in  earnest  in  the  late 

I  y 

fifties  (If'iOsI  A  dem  r  i  pt  l  on  of  typical  inputs  will  lra>l  this 


»e>  t i on . 


Output  s  will  follow. 


1  npu (  s 
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Si, 


I  Iiput  ill  I  In-  rihn.ltloii.il  pioduition 

int.  .* it \  on»-  a  tiumhrt  "t  wavs  Kixrd 

t  t  m  "in-  sm  h  mi- 1  I > . . <  1  ..  (  i  I  .is s  l  t  1 1  .1 1  i  on 

m  ii, .. .  |  -  i  i-  1  .it  r.t  !  .n  t  o  i  s  ,  .»n<1  ot  hr  t  <  ommtin  1 1  y  I  n  f  I  urru  r  s  rr mi  i  t  I  l  orn  a 

.  1 

■.••...jot  An.)  Hiv  t  omh  i  iiit  t  i  on  of  thr-.r  is  .1  possihlr  third  Wh  i  *  h 

I  .1 i  f  1 1  .» t  i  ■ 'll  i -.  usrd  1 ir.tlly  imninlrii.il  What  is  important  hrrr  is 

tin  ifi.  •..iri.ihlrs  used  nil  that  K'oiiin).  most  .nit  h. us  .ijjrrr  and 

tlov  ill.  I  til'  sinh  v.iii.iMi-s  is  .ill’  found  in  fix'll'1  t. 

rhr  m.ii.-t  I'lohlrm  tomes  in  t  hr  <nr  .1  mi  rrmr  n  t  of  some  of  t  firsr  vari- 
ahlr  inputs  It  in  ohvioiis  tfi.it  somr  .in-  tlrar-iilt  .iinl  we  I  1  -  <  l»*  t  l  nrd . 
thr  is  ir.jiiiir  thr  use  of  a  |>|oxy  measure 

All  infills  must  hr  measured  111  ffiysii.il  trims  m.ikltlR 
ill.u.ilur,  where  un  rv..iiv,  f"i  ,»ny  t hanges  HI  ‘juallly.  Simr 
t  fir  infills  .nr  fir  t  <•  i  o^r  nroiis  ,  it  is  i  mpos  s  i  l>  1  r  to  f  i  ml  a 
s  i  nit  1  r  ptiy.ii.il  unit  ill  wh  1 1  ti  t  tlry  <  .ill  .ill  hr  expressed. 

|  H 1  juk  ,  1 ')  70  ,  f  .  J  i-  I ) 

W  i  •  fi  t  hr  i  v  .i  i  i  .ih  1  r  s  ,  l  ti«’  pinhlrm  hr  t  ..ini’s  one  of  .txKrrg.it  i  on  . 

Mus  fiof.ir*  is  oftrn  dealt  with  hy  axx'exatiux  srvrr.il 
separate  v.ittahlrs  iilt“  .1  s  i  ux  1  *■  input  wr.isute,  foi  example, 
wfirli  r  Xfrnit  1 1  II I  I’S  f  r  r  flip  I  1  nr  usrif  to  ■I'JMIII'  school  inputs 
1  fir  expenditure  ariiuir  is  .in  4XRirx.lt  ion  ot  .t  vjrirty  of 
srp.ir.itr  .f  mens  i  mis  of  input  traihri  rxprrirmr,  drxrrr 
status,  start  nix  salary,  ami  thr  t rat  he i - 1 o-pup i 1  ratio.  Thr 
appi  opt  i  at  rnr  ss  of  t  hi’  iRRirxatioii  ifrprmts  upon  thr  polity 
first  ion  fo  irix  asked 

jHrim  am)  Perl,  1474,  p.  4| 


t  uni  t  i  on  i  an  fir  i  1  ass  i  f  i  r.| 
inputs  an<)  po  I  i  <  y  inputs  result 
St  mini t  i  fia  r  at  t  r  r  i  s  t  1 1  s  , 
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l 
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1  hit  put  s 

I  fir  f’uti  l  ii  Snvnrs  l.at'oiatory  ot  liroiRrlown  IJiuvrrsity  ifrtiurs 
r. In.  at  i  ,.(ia  1  ..uttome  as  thr  rrsult  of  IrarniiiR  wrh  i  i  h  atfrits  (1)  thr 
.nfvain  rmrnt  amt  'trvr  1  opmrnt  of  thr  i  ml  i  v  i  ilua  1  ,  ( .! )  thr  quality  of  I  ivmg 
of  thr  individual  in  thr  soiial  community  in  which  hr  functions,  and  (!) 
thr  development  of  thr  society  in  whiib  thr  individual  livrs,  that  is. 


M 


Typical  Input  flrasuif's 


S  *  l>«  •*  •  1  hi. l>;s  (physical  si  zr  of  campus) 
Student  independent  study  time 
School  si/e  (number  of  pupils) 

Tcachoi  soi  i  ore  onnmi  i  status 
Trachri  vriti.il  ability 
Trachri  drgirr  status 
Pup  i  !  -tr.il  hri  i  a  t  i  o 
leachet  rxprtirme 
*  of  m. 1 1  r  t  r  a c  he  i  s 


Age 
Kar  r 

St  udent  I  .  <) . 
Library  size 
Sen  i a  1  status 
Admi n i st  rat ivr 
Kat  her  '  s  i nc  (>me 
Pa  t  hr  r ' s  rducation 
Mo t  hr i  ' s  rduc  a  t l on 


tigurr  1  Typical  Inputs  for  Kducational 
I'r.'duc  t  i on  Kune  t  i ons 


its  economic,  social,  and  political  sys  t  em  .  *  *  In  sp  i  t  r  of  t  hr  guidance, 

there  is  no  concensus  on  what  the  output  of  education  is  or  what  it 

should  tie,  so  most  analyses  of  education  as  a  production  process  focus 
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on  at>il  ity  or  ac  hirveawnt  tests  as  a  measure  of  school  output.  At  a 
level  fie  low  the  university,  a  battery  of  tests  comprised  of  (1)  Iowa 
Tests  cl  Hasn  Skills,  (2>  Iowa  Tests  of  Kducational  Development,  (O 
Stanford  Ac h i evement  Test,  and/or  (A)  college  entrance  tests  (ACT  and 
SAT!  have  typically  been  used.  These  standardized  ex ami nat l oris  are 
mostly  generally  used  because  they  are  (1)  single  vectored,  (2)  cjuaiili* 

liable,  and  ( il  correlated  with  most  other  desirahlr  features  of  edu~ 

Jt 

cation  As  a  result,  most  authors  use  these  exams  for  ail  output 

measuie  even  though  they  are  critical  of  them. 

There  are  a  few  researcher*  who  have  also  considered  other  measures 
of  output  such  as  student  altitudes,  attendance  rates  (Katzomn,  1471), 
and  co  liege  continuation  or  dropout  rates.  Some  of  these  studies  are 
examined  later  in  the  chapter  with  other  studies  being  detailed  in 
Appendix  C.  Figure  4  presents  a  list  of  "ideal"  types  of  ouIcosk* 
measures . 

But  what  output  measures  have  been  used  at  the  co  liege  or 


Types  ‘'I  Out  tome  Measures* 

1  IrtMiic!.  of  htnunmit  lirvr  1 opment 

If.isiiH-s  f  Vc v t  k  Skill 
t  Mrasuirs  of  I  n((ii|t  ivr  Skills 

■*  Mr. i  mi  1  r  s  ii  (  S«n  1  r  t  .1  I  -Mill  |*«  •  1  i  t  I  t  .1  I  1  lilt  >  omr  s 

'<  Measures  .it  Advam  r  ill  Opportunities  fin  t  hr 

Kiii.il  I’njiii  l  .1 1  i  <>n  and  othri  Iarget  Croups 
>•  Mrasuirs  <.f  family,  Village,  and  I  rfi.in  I.rvr  1  s 

t  Know  1  rdjtr  ,  Skills.  .1  n<  1  At  t  l  I  inlrs 

figure  i'i  Ideal  Outiome  Mr.ismrs 

.imvri-.it'.  Ii-vri  .  t  pi  ..'Ini  t  i  nil  Thr  m.i|nr  jniihlrm  in  this  .iir.i  is  t  hr 

lr  t  I II 1  t  1 1  •!!  .lilt  measurement  ")  nut  puts,  thr  result  bring  th.lt  very  1  rw 

st  uilirs  in  l  In-  pi  "ilui  t  i  ..ii  timet  inn  nf  highn  rijiu  .it  i  on  have  appeared  in 

thr  1  l  t  r  i  at  in  r  Thr  milv  niir  with  a  iju.l  I  I  t  a  t  i  vr  illRirusinn  was  ilofir  by 

’  K 

Alexander  Astin  m  1  '•<  h  *  Hr  usr.1  thr  i.i  a. Iu.it  r  Krimil  hxami  na  t  i  on 
n.kf  ■  Mure,  a  a  inrasuir  •  t  output  His  stinlv  is  mir  whiih  is  rx* 

a  111  1  nr  >1  in  lllr.ltri  'lrt.il  i  III  Apprll'llX  1 

s..«ir  I.f  t  hr  t  in -  tit  i  <*11.1 1  mr.ismrs  n|  output,  at  wliatrvrr  lrvrl  of 
r  ilui  a  t  i . 'ii  iiiitri  stmly,  air  ilrailv  input  measures,  .it  tin's  an-  an  attempt 
t  .  mi  .  i  aw  a  s  t  i  .  m  inputs  In  pimrss  level  .  I  itn  i.i,  while  still  others 
air  tiist  attempts  me  a  s  u  I  e  output  ill  ipuillity  trims  sik  h  as  enroll' 

.  H) 

ment  late*,  anil  Iropout  lairs 

Isually,  thr  out  i  omrs  of  higher  emli  at  loiia  1  institutions 
air  |uil)(eil  in  trims  of  institutional  '  ipiality  quality  is 
measured  hy  i  Ii.ii.ii  trr  ml  us  sm  h  as  lasulty  ami  stall  salary 
Malm,  f  ai  ul  t  y-st  udrut  ratios,  perirntagr  of  faiulty  with  a 
I’h  I)  ,  numfirr  oj  library  hooks,  sijuaie  fret  of  building  spate, 
rut  ram  e  examination  Muirs  of  stmlrnts,  amount  ot  endowment  , 
arul  so  on.  These  air  all  inputs;  they  are  not  out  tomes. 

|  Bowrrn  ,  1  98  1  ,  p  .  ‘i  1 1 

It  was  rstahli&hm!  in  Chapter  I  that  refutation  prmlut  rs  multiple 
output  K.lthanan  Cohn  (19/9,  p  1/1)  tjors  not  precisely  tontradiit  that 
mill  1  us i on  but  rather  atltls  fuel  to  thr  fire  in  the  controversy  already 


existing  i'vri  output  mo .1  <; u r c s  t* v  Ins  proiioiiin  emont  tli.it  .in  analysis  of 
•ill  output:,  is  too  i  umhe  t  some  and  unnc(  cssiry  simr  t  hr  proxies  whiih 
must  inrvit.il'lv  hr  <  hosrn  ire  likely  to  provide  as  iu<  h  information  .is 
the  entire  output  set  and  at  .1  lesser  lesern  li  tost.  This  >1 1  sse  rt  4 1  I  oil 
■foes  not  put  the  lontroveisv  on  output  me.isuies  to  rest,  hut  it  does 
tie.it  the  edui.it  101)4 1  output  .is  multi-output  .Hid  more  preiisely  is  ,i 
|  o  |  lit  pi  odlll  t  output 

fdin.itioii.il  I'lo.lm  t  i"ii  furiitiori  Studies 
Serious  efforts  to  me.isure  t  tie  re  I  .it  i  onsli  l  p  tietween  inputs  and 
outputs  t»e  if  .i  1 1  in  the  m  i  d- I  lf>Os  .  A  pattial  list  of  the  studies  wh  i  ch 
ti.ive  lieen  perfoimed  is  presented  first  with  tuts  of  l  n  >  orm.it  l  on  about 
the  i  out  i  i  tm  t  i  oils  of  th.it  p.ntiiul.ii  study  *  More  detailed  reseat ch 
eftoits  of  ,i  seleit  few  authors  of  produition  fumtlou  models  and  t  he  i  i 
iofi<  fusions  are  presented  hi  Appendix  f 

In  1't'iO,  Wiiii.im  (.  Mollenkopf  and  S.  Donald  Melville  did  research 
for  t  fie  kduiation.il  lest  in#  Service.  It  is  jtenerally  recognized  that 
t  fu  is  t  tie  first  1  a  r  ge-  si  ,i  I  e  i  nput -out  put  study  on  the  economics  of 
edin.it  urn  It  is  also  one  from  which  many  of  the  later  studies  have 
piofited.  They  used  9,600  ninth  grade  students  from  100  public  schools 
and  t  we  1  f  t  fi  graders  from  106  public  schools,  all  of  which  were 

selected  from  across  the  Dm  ted  Stales.  They  used  14  independent  vari- 
allies ,  among  ttiem  were  shcool,  non* sc hoo 1 ,  and  peer  group  influences. 
The  measure  of  output  was  a  specially  designed  test.  Only  one  school 
factor  was  consistently  correlated  (in  a  statistically  significant 
sense)  with  the  test  results  using  simple  Pearson  Correlation  tech¬ 
niques.  That  school  factor  was  library  4nd  supply  expenditures,  while 
such  variables  as  the  number  of  special  school  personnel,  class  size, 
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and  *  t  ud/- ill  - 1  rat  hr*  r  ratio  a])  shown!  sow  influence. 

In  1959,  Samuel  M.  iioodain  consulted  the  New  York  Quality  Measure¬ 
ment  l’ro|ei  t  (HYQMI’l  This  was  an  attempt  to  control  for  the  affects  of 
parents'  so>  i oei ononi c  status  It  was  a  study  of  70,000  seventh  and 
eleventh  grader*  fro*  the  state's  public  schools.  Classroom  atmosphere 
and  teacher  experience  were  both  found  to  have  an  effect  on  the  output *" 
student  achievement 

In  1‘0>2.  lames  Alan  Thomas  performed  a  study  on  data  collected  for 
f’roiect  TA1.EVT  It  utilized  200  schools  in  a  national  sample  His  was 
the  first  major  study  to  rely  on  regression  analysis  techniques  for  the 
primary  means  of  statistical  analysis.  From  a  list  of  twenty-seven 
input  variables,  Thomas  found  three  school  variables  to  be  of  particular 
importance — starting  teacher  salaries,  teacher  experience,  and  the 
number  of  books  in  the  school  library. 

In  1965,  Charles  S  Benson  and  some  associates  conducted  a  study  on 
school  effectiveness  for  the  state  of  California.  In  that  effort,  they 
controlled  for  student  background  c harac t er i s t i cs  and  found  that  a 
significant  positive  relationship  existed  between  teacher  salaries  and 
student  achievement. 

I n  1966,  James  S.  Coleman  and  his  associates  performed  the  "Equali¬ 
ty  of  Educational  Opportunity"  survey,  commonly  referred  to  as  the 
“Coleman  Report."  This  study  is  the  benchmark  of  educational  production 
functions  and  as  such  it  is  the  most  holly  debated  one  as  well.  They 
used  data  from  approximately  645,000  individual  students  selected  by 
type  and  location  of  elementary  school.  Ninety-three  separate  input 
variables  were  used  along  with  an  outcome  measure  consisting  of  ten  lest 
scores  in  an  attempt  to  determine  the  school  and  non-achool  factors 
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irlated  to  student  .11  hirvrnrnt  .  Of  t  hr  school  factors,  tcai  hers '  verbal 
ability  seemed  to  f>r  t  hr  most  important  rvrn  though  vrry  littlr  sta¬ 
tist  i<al  a s soi  1  at  1  on  brtwrrn  thrsr  variables  in  1  onpariann  to  non-school 
variables  was  discovered  Numerous  studies  havr  subsequent 1 y  brrn 
pei formed  on  t  hr  data  from  the  Coleman  Report  .  Onr  such  study,  that  by 
Bowles  (  1  *>  7  0  I  is  covered  subsr  cjuent  1  y  in  greater  drtail  in  Appendix  f. 

In  l'ltw,  Herbeit  Keisling  invrrrd  anot  hr  r  aspect  of  t  hr  NYtyMf'  f>y 
assessing  input  and  output  in  varying  kinds  of  sihool  distriits  in  New 
Yoik  Looking  at  large  and  small,  rural  and  urban  rlrmrntary  schools, 
hr  found  significant  relationships  between  the  cognitive  output  measures 
and  st  ndrnt -true  hri  ratio  as  well  as  expenditures  for  books  and  sup¬ 
plies  Hr  report rd  that  none  of  tin-  other  vai tables  was  uniformly 
1 mpo 1 1  ant 

In  1968,  Lie  Italian  folui  used  the  "inn  emental  change  in  scores”  on 
the  Iowa  Irsts  of  (educational  Development  as  an  output  measure  for  .1 
sample  of  i/’/  Iowa  high  schools,  l  fie  majority  of  which  were  public 
secondary  schools  A  significant  negative  relationship  was  found  bet¬ 
ween  the  output  measure  and  two  input  va r 1 ab les- -numhe r  of  teachers’ 
college  credit  hours  and  number  of  discrete  leaching  assignments  per 
teacher  A  significant  positive  relationship  was  found  to  exist  between 
said  output  and  the  median  teacher  salary. 

1  ri  1968,  Kithard  Raymond  used  college  freshman  grades  and  composite 
scores  on  l  tie  ACT  as  the  output  measure  along  with  precollege  school  and 
non-school  input*  The  non-school  input*  were  derived  from  I960  census 
data  for  various  West  Virginia  counties.  Teacher  salary  was  the  only 
school  component  found  to  be  statistically  significant  in  the  positive 
direction  The  student's  elementary  school  teacher  salary  was  the  most 


p.'l  rut  pi rdi i  t  “i 


I  n  1‘ttih,  Thomas  i »  Fox  repotted  mi  tliiitviiinr  <J  >  j  *  -*  x '  •  sihonls.  Hr 

use. |  tv . it  put  mrasiirrs-TcH'liliR  sioirs  .1  d<  1  retention  rat es*"a long  with 

.1  •..•mrvli.it  ill  f  f  r  1  r  nt  srt  « .  f  sih.ml  inputs  Among  thusr  inputs  wr  ip  sin  h 
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III  I't'ti,  Fi  t'  HanusFie k  'll.)  rrsrai.h  in  .1  single  silu».|  .list  1  1  .  t  in 
i  .1  I  1  1  <  ■  1  n  1  a  His  rut  1  rr  analysis  ptmrrdrd  firm  lata  at  t  hr  1 1 1  <  1 1  v  >  <  1 1 1  a  1 
student  Irvrl  .  t  1 gg  i  r  ga  *  *  "n  Hr  suti.l  1  v  1  ded  t  hr  .lata  1 11 1  <  >  groups  hv 
Irxnali  s  t  intent  s  an.)  vtntr  stu.lrlits  with  a  Imt  tin  stiilifi.ati.nl  dr* 
pi’ii.)  1  n  g  n  stu.lrnt’s  tat  tin’s  ...  .  upat  1  ..|i- -manna  1  labor  m  imt  Hr  tisr.) 
t  hr  .‘<1  til.  J  a  s  t  I  I  Apt  I  t  li.Jr  Test  si  .nr  J.>r  t  Fir  ..iitput  mrasiur  all.)  tailr.l  In 
tin.)  t  lir  1  r  1  a  t  1  ..ns  h  1  p  vtii.ti  others  ti  a  ■  1  found  between  t  hr  two  Most 
*  '  .Mm.  .11 1  y  usr.i  s.lu ml  input  tai  tuts  and  t  fir  1  lid  1  s  1  dua  I  studrnt  Irvrl 
output 

FFirsr  studies  provide  a  rrpi  merit  at  1  vr  (lav.n  of  rdui  at  1 011a  l  pt<>- 
duiti.iii  t  unit  1  on  studies  which  havr  typnally  lirrn  pei  formed  to  study 
t  Fir  economics  of  rdui  at  1  on  In  addition  to  those  already  presented 
here,  Appendix  C  details  live  other  authors'  studies  t>y  specifically 
describing  their  inputs,  outputs,  methodology,  and  results.  Fable  7 
further  provides  a  summary  highlighting  all  of  the  Major  educational 
production  function  studies  referenced  in  either  portion  of  this 
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W  r^inu  and  2)  Student's  elementary 

i;niv  ACT  scores  school  teacher  salary 

most  important  variable 


T.ih  1  r  7  ,  i  i'i)l 
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Summary  .in<1  Critique 

kduc.ttion  .t t  t  hr  university  level  <  an  properly  lie  viewed  as  either 
a  i  oiisiunpt  i on  good  or  an  investment  A  great  deal  of  emphasis  has  been 
placed  on  the  production  of  education  sime  the  mid  1950s  Most  of  the 
j» t i »<)  u<  I  j « *j )  f  i j } ) i  t  j  i  > f )  ji 1 1 j «S  k  #' s  h.i vr  brrn  .»<»<»  mp l i shed  for  elementary  and 
secondare  schools  with  very  few  appearing  on  universities  (See  Table  1 
for  a  Minna  i  v  of  ma|or  rduc  itiorial  production  function  studies.  )  The 
lesult'  of  produitioit  function  analysis  are  most  generally  evaluated  in 
two  wavs  Kiist  is  the  magn  1 1  ude  of  the  effrit  which  the  input  variable 
has  on  the  specified  output  The  see  olid  evaluation  is  usually  the 
statistical  significance  of  the  estimated  effect 

The  single  most  frequent  critique  of  the  rduc  at  l  ona  1  production 
limit i on  studies  which  have  been  performed  and  the  methodology  in  gener¬ 
al  appeals  to  he  the  specification  and  measurement  of  output.  Most 
authors  agree  that  outcome  measurement  is  essentially  a  matter  of  meas¬ 
uring  what  individuals  know  or  what  they  have  learned;  t.r.,  testing 
knowledge,  skills,  at  t  1 1  udrs  ,  and  attributes.  Such  testing  is  espet  tal¬ 
ly  important  foi  young  children  because  substitute  measures  art'  hardei 
t  o  cfevr  1  op 

Standardized  testing  instruments  are  not  always  available 
and  are  not  always  appropriate  for  all  purposes  At  the 
classroom  level,  tlearly  evaluation  is  needed  throughout  the 
period  of  instruction,  not  merely  at  the  end.  .  .  .  Teachers 

must  rely  on  observation  and  recordkeeping  to  evaluate  im¬ 
portant  student  behavior  such  as  initiative,  self-direct  ion, 
curiosity,  creativity,  leadership  skills,  organization  of 
materials,  and  use  of  the  library. 

(Public  Services  Laboratory,  1975,  pp .  Ill : 

In  spite  of  all  the  work  which  has  beea  done  and  the  conclusions 
reached  and  primarily  because  of  the  difficulty  in  measuring  output, 
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Hlaug  makes  t  fir  |o|  InwiiiK  statement 

II  is  cleai  th.it  produc  t  l  v  1 1 V  measurement  m  cost-ef¬ 
fectiveness  .iii.i  l  vs  is  amounts  to  littlr  more  th.in  a  framework 
lot  ii'M'jn  h,  (hull  r  iig  i  ng  us  to  explore  now  ways  of  i  (invert  inn 
■  jualitv  into  •plant  itv  and  directing  ot.r  at  tent  ion  to  i  r  1 1  i  <  a  I 
yaps  in  knowledge  The  magic  numbers  that  have  so  tai 

been  generated  must  he  regarded  as  purely  provisional,  (ailing 
for  and  indeed  inviting  f a  1 s l f I ( a t i on  by  further  attempts  at 
"measuring  the  unmeasurable  " 

IHlaug,  !')/(),  p  JK1  | 

Chapter  Summary 

A  large  number  of  those  writing  about  t  fie  economics  of  edui.it  ton 
have  been  leferem  e.l  in  this  chapter  and  in  Appendices  ft  and  C  .  Even 
then,  that  number  only  approaches  a  fraction  of  the  whole  Further 
woiks  are  available  in  another  detailed  survey  tiy  Siegfried  and  Fe 1 s 
I  1  **.'*#  i  The  teasons  lot  such  an  extensive  icview  were  threefold.  First 
was  to  present  an  adequate  cross  sei  troll  of  t  hr-  various  methodologies 
pr»-vi..usly  employed  Second  was  to  provide  a  feel  tor  the  types  of 
inputs  and  outputs  used  III  each  of  the  studies  These  studies  provide 
t  tie  basis  for  the  grneial  methodology  and  t  tie  inputs  used  in  this 
dissertation  the  third  reason  for  such  an  extensive  review  was  to 
provide  a  basis  for  the  measurement  of  attrition  as  an  output  through 
t  fie  educational  production  function  literature  That  necessitated 
reviewing  both  attrition  literature  as  well  as  that  peitairuug  to  edu¬ 
cational  production  functions 

Attrition  of  students  was  detailed  first  The  main  conclusion  is 
that  o|  every  100  students  entering  college,  40  will  never  graduate. 
Reasons  for  the  dropout  of  college  students  include  financial  diffi¬ 
culties  and  a  definite  loss  of  interest  or  boredom  with  the  university 
routine  which  i*  moat  usually  the  result  of  a  serious  lark  of  ulrnili* 
(nation  with  the  affiliated  institution. 


A  icdion  im  the  rdm  a  t  i  on*  I  prodmtion  fun<  tions  brought  t  hr 
ihaptrt  t  (i  a  i  lose  M.iny  <>l  the  prodmtion  him  I  inn  studies  wrrr  men* 
t  1 1  briefly  with  several  being  detailed  in  Appendix  Of  all  those 

efforts,  only  two  01  three  have  dra  It  with  attrition,  anil  thosr  wrrr 
lonsistrntly  at  a  lrvrl  hrlow  t hr  mu  vr rs 1 1 y .  Only  onr  rdu< a t  i  ona  1 
p  i  <>i|in  t  i  on  (unit  ion  s  t  inly  <lralt  with  university  proilm  t  i  on- - 1  ha  t  of 
As  t  i  n- *  .in<l  hr  ilul  not  address  attiition  Thosr  faits  open  t  hr  door  for 
this  d  i  sse  r  t  a  t  i  on  "ii  attrition  at  a  university  lining  t  hr  edmational 
p i odm t  i on  iun>t  ion  approach . 

Vow  that  t  hr  hat  kgmund  and  t  hr  foundation  havr  brrn  established, 
t hr  theory  ,»nd  art hodol ogv  (or  this  dissertation  are  ready  to  hr  dr* 
vrioprd  in  detail  That  detail  follows  in  Chapter  111 


so 
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CHAPTER  III 


THEORY,  MODELS,  and  HYPOTHESES 

Introduction 

Chapter  I  argued  that  the  instruction  portion  of  a  university's 
output  is,  in  effect,  aul t 1 -product .  That  aul ti -product  output  is 
exaained  here  in  Chapter  III  using  graduates  and  nongraduates  as  two 
separate  outputs  although  many  other  classifications  are  possible.  The 
chapter  begins  with  a  detailed  review  of  the  theory  behind  aulti-ware 
production.  That  theory  is  specifically  applied  to  the  problea  of 
attrition  at  universities.  The  aodels  are  then  developed.  A  section 
containing  hypotheses  stateaents  will  conclude  the  chapter. 

Theory 

Multi-Products  (Multi-Ware)  Production 
Before  proceeding  it  is  essential  to  have  clearly  in  aind  what  is 
aeanl  by  aulllple  products  and  joint  products.  Multiple  products  are  a 
reality  for  aosl  firaa  which  are  in  the  business  of  producing  goods. 
These  firas  produce  a  aultipltcity  of  goods.  Everyone  agrees  that 
General  Motors  is  a  aulti-product  fira.  They  are  aulti-product  because 
they  produce  locomotives ,  cars,  and  trucks  and  each  is  produced  at  a 
plant  separate  f roa  the  other  plants.  Therefore,  CM  i»  able  to  assign 
sad  separate  all  inputs  to  the  respective  output  >u  advance  of  the 
actual  production  process.  In  the  truck  plant,  both  GHC  and  Cheveroiet 
trucks  are  produced.  Assuaw  they  come  off  of  the  saae  asseably  line. 


Iven  though  that  hr  t  hr  u«r,  it  is  still  possible  to  determine  which 
raw  Material*  go  to  which  vrhi<  lr,  hut  now  management  of  thr  plant  and 


other  plant  resource*  are  shared  between  the  two  products.  So  at  least 
koaw  input*  are  shared  while  the  products  are  still  separable.  The 
inputs  are  still  separable  in  trrai  of  the  share  t  use  going  to  each 
product  Thus,  the  GH  truck  plant  is  still  producing  a  Multiple  product 
output 

Because  the  truck  plant  is  still  Multiple  product,  what  are  the 
features  that  describe  and  define  a  joint  output?'  The  diagraM  in 
Figure  S  depicts  the  four  possibilities  for  the  input-output  relation¬ 
ships  To  qualify  as  a  joint  product,  the  inputs  are  shared  by  the 

product*  and  the  joint  product*  sre  s imul taneous ly  or  jointly  produced 

2 

from  the  saae  inputs  by  a  single  production  process.  Allocation  of 
each  input  is  not  made  to  each  output  separately.  Thus,  a  Multi-product 
production  function  need  not  exhibit  jointness  of  production.  Rao 
I I'tbl,  p.  717)  Makes  this  difference  explicit  when  be  writes,  "The  esse 
of  joint  production  is  a  technological  phrnoMenon,  .  .  all  products 

are  produced  in  one  production  process.” 


Joint  Products 

An  example  of  a  joint  product  process  is  ore  Mining.  After  taking 
the  ore  f roM  the  ground  and  performing  certain  processing  procedures, 


Product  Side 


sepa rable 
not  separable 


Input  Side 


separable 
not  separable 


Figure  5.  Multi -Products  Possibilities  of  Separability 
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vs 

there  may  result  several  products  jointly.  During  the  process,  such  of 
the  input  ( JMiot  bp  specifically  assigned  to  any  particular  output. 
Neither  s i dr  of  Figure  S  is  srparablr-*a  joint  product.  Another  example 
i*  the  (hainaakei  briefly  addressed  in  Chapter  I.  Assume  his  multiple 
output  is  good  thairs  and  weak  (hairs  From  his  joint  production 
function,  he  will  know  how  many  of  each  he  will  produce  from  given 
inputs  The  degree  of  quality  control  is  part  of  his  production 
function.  There  aiay  exist  certain  hidden  defects  which  in  effect  cause 
weak  chairs  to  occur  along  with  the  good  chairs.  The  ehairmaker  cannot 
distinguish  which  input  will  go  to  which  product  but  hr  can  determine 
how  much  of  one  product  will  be  built  given  the  batch  of  lumber.  The 
case  is  inseparable  on  both  the  input  and  output  sides  and  thus  a  joint 
produc  t  proc ess 

If  there  exists  some  sort  of  technical  relationship  between  several 
products  because  there  are  certain  factors  which  can  or  must  be  used 
jointly,  or  because  certain  factors  can  be  used  alternatively  for  one 
output  or  another,  these  products  are  technically  connected.^  In  the 
general  context,  because  a  multi-ware  production  process  is  in  evidence, 
the  production  law  cannot  he  studied  separately  for  each  product  but 
must  be  studied  a imul l nneous 1 y  for  all  connected  products.  The  pro¬ 
duction  system  may  consist  of  several  (u)  different  ways  or  conditions 
of  production  and  might  be  of  the  form  shown  in  equation  ( 2 1 
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where  X^  -  m  outputt  or  product!, 

=  n  inputs, 

=  u  production  relat ionships  , 

and  the  u  equation*  are  assisted  independent  of  each  other.  Thus  there 
are  u  production  condition!. 

Therefore,  a  products,  n  factors,  and  u  product  relations  are 

& 

defined.  Frisch  calls  the  difference  between  a  and  u,  assortment , 

a  =  a  *  u.  By  assortment,  he  means  the  degree  of  freedom  of  choice 

among  connected  products.  If,  for  example,  a  =  2  and  u  *  1,  then  there 

is  one  degree  of  freedom  over  the  product  mix,  given  the  inputs.  For  a 

tingle  product  production  process,  a  =  u  =  1,  or  s  =  m  -  u  =  0! 

in  the  following  statement,  Frisch  refers  to  a  further  subset  of 

the  technically  connected  products. 

Irrespective  of  the  degree  of  assortment  a  =  a  -  u,  we 
can  enquire  whether,  from  the  given  u  relations,  it  is  possi¬ 
ble  to  deduce  some,  and  if  so  how  many,  which  only  link  to¬ 
gether  certain  product  quantities,  these  relations  containing 
none  of  the  production  factors.  These  relations  are  pure 
product  bands;  i.e.,  they  are  factor  free.  In  other  words, 
they  hold  good  irrespective  of  what  the  factor  quantities  may 
be.  If  the  number  of  such  relations  is  C,  we  say  that  the 
degree  of  coupling--or  more  precisely  the  degrer  of  product- 
coupling  for  the  multi-ware  production  in  question--is  C. 

(Frisch,  1965,  p.  270) 

It  is  therefore  self-evident  that  C  is  independent  of  a,  n,  and  u. 
For  example,  if  Xj  and  are  joint  outputs  from  a  given  set  of  inputs 
(i  *  1,  ...  n),  Xj  depends  on  V  ,  and  X^  depends  on  V.  also;  then, 
a  »  m  -  u  =  0.  But,  if  Xj  and  X^  are  independent  of  the  set  \T,  i.e., 
factor  free,  then  Xj  and  X2  ere  coupled  or  related  as  pure  product 
bands.  That  is,  X^  a  f(X^)  or  implicitly,  F(X^,  X^)  *  0,  without  V  in 
F.  Thus,  C  *  1  band.  Coupling,  therefore,  represents  s  new  snd  differ¬ 
ent  aspect  of  the  production  structure.  It  vsries  in  degree  from  no 


coupling  to  perfect  coupling,  where  the  exert  nature  of  coupling  it 
related  to  the  degree  of  fartorially  determined  Multiple  product  pro¬ 
duction.  Thus  the  concept  of  joint  products  la  a  subset  of  the  notion 
of  multiple  products. 


Fartorially  Determined  Cases 

If  the  factor  quantities  are  given  and  all  the  joint  product 
quantities  are  determined,  the  system  of  equations  f 2 )  previously  out¬ 
lined  does  oot  apply.  The  general  system  is  known  as  the  factorial ly 
determined  production  process.  Given  m  products,  the  general  factori¬ 
al  ly  determined  system  of  equations  is  characterized  by  a  set  of  m 
product  functions. 

(31  Xj  *  XjiVj,  .  .  .  Vn) 

X  =  X  (V  .  V  ) 

■  ml  1  o' 

The  degree  to  which  the  factors  determine  how  X.  is  related  to  X.  is  the 
crux  of  the  theory  of  coupling.  The  degree  of  assortment  is  equal  to 
zero;  i.e.,a=m-u=0  If  the  vector  V  is  given,  the  vector  X  is 
given  uniquely. 

Fartorially  determined  production  is  classified  into  separable  (or 
noncoupled)  and  coupled  Coupled  is  further  classified  into  perfect  and 
less  than  perfect  coupling.  Separable  is  discussed  first. 

Separable  Products 

The  purely  separable  case  is  one  where  the  combination  of  the 
product  quantities  is  no  longer  joint  in  the  sense  that  the  products  all 
come  from  the  same  production  process  (and,  therefore,  from  the  same 


inputs).  Equations  (4)  and  ( 5 1  represent  the  multl~product  (a  ■  2)  case 
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of  pure  separability. 

i‘i  *,  *  *,<V  ••■».> 

151  X2  =  Xj(Vj, 

where  V  t  V"  .  This  ia  illustrated  by  Figure  6. 

Coupled  Products 

Coupled  joint  products  is  another  special  case  of  factorially 
determined  production.  As  previously  indicated,  there  are  degrees  of 
coupling  related  to  the  degree  of  factor  detensinateness .  The  general 
case  of  coupling  can  be  represented  by 

|6J  Xj  *  Xj(V) 

[7)  X2  «=  X2(V) 

where  V  represents  the  same  inputs  for  both  functions. 

An  example  of  the  joint  two  product  system  where  some  degree  of 
coupling  occurs  and  one  used  by  Frisch^  is  that  of  poultry  and  egg 


’2 

Inputs 


Y 


Xj  isoquants 


Figure  6,  Perfectly  Separable  Case 


production.  There  are  two  distinct  products.  In  order  to  obtain  the 
two  products,  certain  production  factors  are  requi red--certa in  Materials 
and  equips^nt,  certain  foods,  and  labor.  When  these  factors  are  ap¬ 
plied,  in  the  saaw  process,  both  products  ea^rge,  not  only  a  certain 
quantity  of  eggs,  but  also  a  certain  quantity  of  poultry.  If  the  factor 
quantities  are  given,  both  product  quantities  are  given  as  well.  In 
this  example,  m  3  u  *  2  and  the  degree  of  assortment,  a  =  0 . 

The  ratio  of  the  two  product  quantities  is  not  necessarily  fixed. 

In  other  words,  coupling  can  be  less  than  perfect.  The  ratio  may  indeed 
be  altered  within  liaiits  by  Means  of  suitable  changes  in  the  factor 
constellation,  i  e.,  Vj,  V2 ,  .  .  .  Vq;  for  example,  more  rolled  oats  and 
less  corn  in  feeding  the  chi . kens  will  change  the  ratio  of  the  two 
quanties  of  output.  Suitable  changes  in  the  input  factors  can  place 
greater  eMpbasis  upon  one  or  the  other  of  the  products.  This  is  the 
case  where  the  products  are,  to  a  certain  degree  separable.  Figure  7 
depicts  the  egg/poultry  joint  product  factor  relationship  when  less  than 
perfect  coupling  exists.  Here,  Xj  5  egg  and  X^  =  poultry  depend  on  the 
same  set  of  inputs  V.  And,  when  the  combination  of  Vj  and  is 
changed,  then  for  a  given  quantity  of  X^ ,  X^  varies.^ 
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Further,  in  the  coupled  cas e,  the  special  functions  can  be  of  the 

f  ora 

(8|  X,  *  K , f ( V  ,  .  .  V  ) 

i  11  n 

|9]  X,  -  K  .t (V  .  .  .  V  ) 

where  X,  and  K,  are  constants  and  f(V . V  )  is  the  same  funrtion 

l  1  in 

in  both  loraular  in  this  case  the  degree  of  coupling  is  C  -  1  and  the 
degree  of  assortment  is  a  =  0.  As  indicated  earlier,  there  is  a  pure 
product  band  relating  to  .  For  example,  we  can  assume  that  the 
quantity  of  cream  (sometimes  railed  butterfat  content)  bears  a  fixed 
ratio  to  the  quantity  of  milk  produced  by  a  cow.  A  change  in  the  factor 
quantities  could  perhaps  be  a  change  in  feed  or  a  slightly  longer  period 
of  time  between  milkings,  but  changes  always  occur  in  such  a  way  that 
the  quantity  of  cream  and  the  quantity  of  milk  change  in  the  same  pro¬ 
portion  In  this  case 

HO]  X2  =  KXj. 

or  Cream  c  some  constant  times  milk,  where  K  is  the  constant. 

But  coupling  need  not  be  that  simple.  The  quantity  ratio  between 
the  two  joint  products  may  be  a  function  of  the  product  quantities.  The 
characteristic  feature  of  this  case  of  coupling  is  that  one  product  is  a 
well-defined  function  of  another  product  where  none  of  the  factor 
quantities  occur.  As  with  the  simple  coupled  case,  C  =  1  and  a  =  0,  the 
characteristic  feature  appears  as 

I  Ul  X2  *  g(Xj), 

or  implicitly  F(Xj,  )  *  0.  Equation  (11)  is  contrasted  with  (10) 
above  where  the  relationship  is  a  constant.  The  example  Frisch  uses  for 
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this  c»if  of  coupling  is  the  relationahip  between  gaa,  coke,  and  coal 
tar. 


Theae  three  producta  are  linked  together  in  auch  a  way 
that  the  quantity  of  coke  ia  a  technically  given  function  of 
the  quantity  of  gaa,  and  aiailarly  that  the  quantity  of  tar  ia 
a  technically  given  function  of  the  quantity  of  gaa;  while  the 
total  product  quantity-aeasured  for  exaaple  by  the  quantity 
of  gaa-'ia  determined  by  the  quantitiea  of  the  factora. 

[Friach,  1965,  p.  271) 

Here  the  nuaber  of  production  relationa  ia  three  (u  *  3).  The 
nuaber  of  producta  is  three  (a  ~  3).  The  degree  of  aaaortaent  ia  zero 
(a  =  a  -  u  =  0) .  And  the  degree  of  coupling  ia  two. 

Figure  8  depicta  the  caae  of  perfect  coupling.  It  la  the  graphic 
illustration  of  the  caae  where  X}  and  X2  bear  a  definite  relation  and 
that  relationahip  ia  independent  of  the  factor  quantiea.  It  ia  alao 
fairly  obvioua  that  aoat  joint  producta  lie  somewhere  between  Figure  6 
(coapletely  aeparate  aubatitution  regions)  and  Figure  8  (coinciding 
substitution  regions). 

Now  that  the  definitions  are  established,  the  theory  can  be  applied 
to  the  attrition  problea  at  universities. 


f 

l 


Figure  8.  Bi-Products,  Perfectly  Coupled 
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Application  of  the  Theory 

When  a  university  admit*  a  (roup  of  students,  unless  it  has  know¬ 
ledge  of  its  joint  production  functions,  it  does  not  know  with  certainty 
how  aany  will  roaplete  each  year  of  school  and  how  aany  will  drop.  Nor 
is  it  known  which  resources  will  he  used  by  those  completing  or  by  those 
quitting  school.  Therefore,  if  the  products  are  defined  as  educated 
finishers,  those  who  roaplete  each  year  of  school  and  subsequently 
graduate,  and  educated  dropouts,  those  who  fail  to  finish  a  specified 
year  of  school  and  subsequently  do  not  graduate,  then  the  university 
production  process  is  one  of  joint  products.^  Because  both  outputs  can 
theoretically  vary  as  inputs  are  varied,  the  production  systea  is  fac- 
tonally  detrrained.  It  then  follows  that  the  applicable  systea  of 
equations  for  the  joint  product  output  of  a  university,  where  the  out¬ 
puts  are  defined  as  educated  students  who  cosqilete  and  educated  students 
who  drop,  is  depicted,  in  effect,  by  equations  (6)  and  |7).  It  is  these 
two  equations  we  wish  to  aeasure. 

The  exaaqile  used  earlier  about  the  chicken  and  egg  production  is 
again  beneficial  to  stress  the  points  on  the  application  of  the  joint 
product  theory  A  chicken  farmer  supposedly  raises  chickens  for  one  of 
two  reasons.  One  is  the  production  of  eggs,  the  other  i»  the  production 
of  poultry.  Having  certain  fixed  facilities  available  for  the  short 
tera,  a  certain  quantity  of  chicks  are  brought  to  the  farm  for  the  sole 
purpose  of  aeeting  production  goals.  If  the  egg  production  goal  is  too 
high,  and  the  number  of  chicks  too  ssull,  eventually  there  will  not  be 
enough  chickens  to  aeet  the  egg  production  goals  regsrdless  of  the 
quantity  or  quality  of  other  Inputs  on  the  part  of  the  farmer.  There¬ 
fore,  scale  of  operations  is  important.  Now  the  quality  of  the  chicken 
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input  is  important  bee  mnr  only  fc-malc  i  Im  krnt  lay  eggs.  Of  course  the 
farmer  would  certainly  prefer  all  hens  because  both  output*  would  be 
available  to  every  chicken,  whereas  with  the  scenario  selected,  male 
ihi<ks  have  but  one  possible  produ< t ,  poultry.  So  there  is  concern 
about  the  jua 1 i t v  of  the  batch  of  baby  chicks  input  into  the  process. 

Mow  about  the  faim  facilities  and  inputs'’  The  Min  concern  on  the 
part  of  the  farmer  is  to  meet  both  production  goals,  eggs  and  poultry 
Hv  altering  sui  h  input  fa<  tors  as  cpiantity  and  type  of  f  reel ,  egg  pro¬ 
duction  can  be  fostered  at  the  expense  of  fat,  pluaqi  chickens  for  the 
poultry  market  and  vice  versa  So,  a  third  concern  is  the  technological 
process  involved  with  the  production  itself,  the  institutional  inputs. 
Note  here  that  the  sain  concern  of  the  chicken  farmer  it  not  specifi¬ 
cally  with  the  production  of  each  chicken,  but  rather  with  the  macro 
production  goals  of  the  farm. 

Now  that  the  analogy  is  made,  the  parallels  may  be  drawn.  A  uni¬ 
versity  has.  twej  joint  products,  which  for  ease  of  lcient  1  f  f  cat  ion  here 
are  irferred  to  as  completion  and  attrition.  Goals  can  be  established 
for  each  of  live  products,  although  oner  a  goal  for  the  number  of  edu¬ 
cated  students  completing  each  year  is  established,  the  number  of  edu¬ 
cated  dropouts  will  ne  known.  As  with  the  farmer,  the  first  concern  is 
seeing  that  the  scale  of  operations  can  be  met.  It  would  be  foolhardy 
to  have  a  goal  of  500  students  to  complete  the  freshman  year  if  only  485 
students  started  that  year. 

The  second  concern  is  for  the  group  of  students  brought  into  thr 
university  The  literature  review  in  Chapter  II  indicated  that  a  uni¬ 
versity  does  not  have  the  ability  to  specify  with  complete  accuracy,  in 
advance,  which  entering  student  will  be  a  of  which  output,  simply 
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because  it  is  not  possible  to  accurately  predict  which  student  will  drop 
out  and  which  will  persist.  However,  as  with  the  chirken  fararr,  if  the 
i harac ter > at  in  of  the  group  as  a  whole  change,  there  it  the  opportunity 
for  improved  possibility  of  Meeting  both  production  goals.  Emphasis 
cannot  lie  upon  every  single  student's  input  especially  since  even  with 
the  top  twenty  percent  of  a  graduating  high  school  class,  nearly  11%  of 

g 

those  going  on  to  college  drop  out.  Therefore,  the  esrphasis  is  Macro. 

It  is  on  the  input  characteristics  of  the  group. 

The  third  concern  has  to  be  with  the  institutional  or  the  tech¬ 
nological  inputs.  As  with  the  scale  cf  operations,  the  institution's 
Min  concern  is  Macro--Meet  the  production  goals.  One's  first  thoughts 
are  that  in  a  university  setting  where  the  output  is  people  oriented, 
that  concern  is  cold  and  iaqiersonai  But,  it  is  through  the  efforts  of 
those  who  labor  that  ill  chickens  are  nursed  bsck  to  health  and  thus  are 
sble  to  contribute  to  production.  The  saMe  principles  apply  to  a  uni¬ 
versity  It  is  the  efforts  of  faculty  and  staff  with  individual 
atudenla  which  contribute  to  the  successful  scco«pl i shMent  of  production 
goals . 

How  the  general  equations  for  the  bi-produrt  or  joint  production 
process  of  universities  are  given  by 

1121  X,  =  X,(Vt,  Vc,  V.) 

1131  X2  =  X2(V>t  Vc,  Vt) 

where  X}  *  output  ss  defined  by  educated  finishers, 

X2  >  output  as  defined  by  educated  (at  least  partially)  quitters 
or  dropouts, 

>  scale  input, 
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V  -  clast  characteristics  or  qualities,  and 
V.  -  institutional  inputs. 

These  are  the  production  functions  (which  are  assumed  to  exist)  that  are 
estiauted  in  this  dissertation. 

The  output  measures  along  with  the  specific  variables  which  are 
used  to  awanure  scale,  class  characteristics,  and  institutional  inputs 
are  specifically  defined  in  the  next  section,  Model  Definition. 

Mode  1  Definition 

Essentially  five  awdels  are  presented  even  though  the  variables  are 
the  saae  for  each  Model.  The  five  are:  one  for  each  level  of  under¬ 
graduate  college  education  and  one  aggregate,  representing  university 
output  during  the  acadeaic  school  year.  Variables  are  outlined  here 
only  in  enough  detail  to  present  the  Models  while  the  specifics  of 
variable  definition  are  in  Chapter  IV. 

Outputs 

As  it  was  previously  shown  in  Chaper  II,  defining  and  adequately 
Measuring  the  joint  products  is  a  Most  difficult  task.  Many  indices  of 
output  Measurement  are  available.  (See  the  section  on  output  of  edu¬ 
cational  production  functlona  in  Chapter  II.)  Several  such  Measures  are 
here  suggested  as  theoretical  indices  for  the  Measurement  of  aggregate 
university  output. 

first  are  the  raw  numbers  (N).  During  any  school  year,  a  college 
instructs  on  four  levels  of  undergraduate  education.  At  the  end  of  that 
year,  students  have  completed  the  freshman,  sophoswre,  junior,  or  senior 
year.  When  measured  in  aggregate  numbers  of  finishers,  the  output  is 
the  sum  of  all  four  levels  of  academic  achievement.  And  during  that 
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*as>e  period,  t  hr  joint  product  in  the  aggregate  of  nonf  1  ni  shers ,  thoae 
vno  started  a  given  level  hut  dropped  out  during  the  year  in  question. 
The  pist i f i ( at  ion  for  breakdown  by  education  level  i»  found  in  the 
extremely  disproportionate  number  of  students  who  drop  frosi  school 
during  the  f reshman  and  sophomore  years.  (See  statistics  on  attrition 
i  n  t'hapt  e  r  11) 

A  second  possible  index  is  the  number  of  credit  hours  (SCH)  com¬ 
pleted  bv  finishers  and  nonf i n i she rs .  Aga  in,  the  index  would  he  meas¬ 
ured  for  each  level  A  third  possibility  is  the  grade  point  average 
(CPA)  of  each  product,  while  yet  a  fourth  is  some  combination  of  the 
first  three,  such  as  N  x  SCH  x  CPA.  Only  the  first  measure,  N,  is  used 
in  this  study,  although  poasibi I  it irs  and  just l f i cat iou  can  be  offerred 
for  i  asp  lemenlat  ion  of  other  indices  of  output  measure .  So,  the  index  of 
output  as  used  herein  is  the  number  of  educated  finishers  and  the  number 
of  educated  dropouts,  and  the  joint  products  are  defined  theoretically 
as  (1)  those  educated  students  who  finish  and  (2)  those  educated 
students  who  drop  out 

The  reason  for  using  the  actual  numbers  of  finishers  and  dropouts 
is  one  of  necessity.  As  is  discussed  m  Appendix  A,  an  elicitation 
process  is  used  to  develop  prior  subjective  estimates  of  the  parameter 
values.  It  was  determined  that  such  a  process  would  be  extremely  diffi¬ 
cult  to  use  unless  notions  of  the  joint  outputs  were  fairly  simple  and 
well  defined  While  other  indices  have  appeared  in  the  literature, 
uaing  number*  aa  indices  in  this  study  seemed  to  be  a  good  firal-ap- 
proximation  approach  to  a  difficult  problem. 


The  model  now  appears  aa 
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The  total  number  of  »ui h  pair*  of  equations  is  five,  one  for  earh 
level  (freshman  to  senior)  and  one  aggregate  to  show  university  total 
output  by  finisher*  and  nont  Hustlers  for  a  whole  year.  Since  the  number 
of  entering  student*  is  equal  to  the  number  of  finishers  plus  dropouts, 
equation*  | I  4 )  and  |1S|  are  alternative  estimate*  of  the  joint  outputs. 

Kow  that  the  model*  have  been  outlined  and  output  measure*  speci¬ 
fied,  the  inputs  are  speiifically  identified  and  defined. 


inputs 

V  represents  the  stale  of  operations  for  the  university.  Only  one 
variable  is  used  to  measure  scale  and  that  is  the  number  of  students 
(NS)  entering  school  for  each  grade  level  in  the  fall  at  the  beginning 

<•> f  the  t <  h<>o  1  year 

V  represents  the  input  class  characteristics.  Many  such  at¬ 
tributes  are  available  and  measurable  for  individuals  but  such  measures 
for  a  t  lass  are  more  difficult  to  obtain.  The  variables  used  to  measure 
class  ( harac ter i st i c s  are:  mean  entrance  acore  (SC),  a  leadership 
measure  (LD),  and  physical  abilities  baaed  on  several  exercise  test 
results  (PH)  A  fourth  measure  of  the  class  character l at l cs  is  the 


range  of  entrance  scores  (RS)  for  each  entering  claas. 
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V  are  the  institutional  input*.  Those  selected  for  examination 
here  are  faculty  quality  (FQ),  faculty  experience  (FE),  and  the  student- 
fa<ulty  ratio  (SF). 

Because  of  the  lack  of  variation  for  some  of  the  input  variables,  a 
difference  m  udmi  t  tame  policy  of  the  UofU.MBA  program,  and  the  quanti¬ 
ty  of  available  data,  there  is  soa*  deviation  from  the  variables  as 
outlined  above  for  the  USAF'A.  The  primary  difference  is  the  absence  of 
ea^ihasis  upon  leadership  and  physical  steasures.  In  lieu  of  those  in¬ 
puts.  the  average  age  of  entering  students  (AA)  is  used.  In  addition, 
no  institutional  Inputs  are  used  for  the  UofU.MBA  Differences  in 
measurement  of  the  input  variables  are  subsequently  covered  in  Chapter 
IV 


Equations 

The  spec  if  it  equations  estimated  for  the  USAFA  and  the  UofU.MBA  are 
presented  here. 

USAFA 

1 16)  Nf  s  p,NS  ♦  p2SC  ♦  p^RS  ♦  P^PH  ♦  Pt)LD  ♦  pfcFQ  ♦  P?FE  ♦  pgSF  ♦  p.. 

117)  *  IjMS.  ♦  y2SC.  ♦  y3RS  ♦  y^PH  ♦  y^LD  ♦  ygFQ  ♦  y;FE  ♦  ygSF  ♦  t  . 

Since,  ss  previously  indicated,  |!6)  and  {17 )  »re  al ternatives, 

I  17)  can  be  rewritten  as 

|I7'|  Mj  =  ( 1-pj  )RS  -  P2SC  -  P3RS  -  P4PM  -  P5LD  -  pfcFQ  -  P^FE  -  PgSF  - 

MJ 

Essentially,  this  represents  a  test  to  determine  whether  or  not  the 

ratio  Nj/Kj  1*  perfectly  coupled,  that  is,  whether  or  not  =  K,  a 

9 

constant.  In  general,  the  ratio  of  [16)  to  (17)  is  s  function  of  the 
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for* 

| 18]  N  /N  =  k(NS ,  SC,  RS,  PH,  LD,  FQ,  FE.  SF), 

where  now  k  is  »  function  which  is  homogeneous  to  the  zero  degree.  Thst 
is,  if  si  1  inputs  in  ( 1 6 1  and  (17j  are  increased  by  A  percent,  then,  the 
ratio  (N^/N^)  is  unchanged.  But,  if  the  inputs  are  increased  by  varying 
amounts,  the  ratio  changes.  An  eaquriral  form  for  {18)  and  the  ratio  of 
|16)  to  { 1 7 |  is  given  by 

I  19 )  N,/li  =  o  US  ♦  a, SC  ♦  a,RS  ♦  o,PH  ♦  a,  LD  ♦  a,FQ  t  a,FE  *  aaSF  ♦ 

ta^l  i  3  i  o  /  o 

J 

Equations  [18)  and  the  eaqiirical  form  [19]  are  the  same  as  that  de¬ 
veloped  by  Vinod  (1968,  pp.  329-30)  in  which  he  "manures  the  percentage 
change  in  the  proportions  in  which  any  two  outputs  are  produced  (e.g., 
Xj/X^)  resulting  from  a  one  per  cent  change  in  any  input."  With  the 
estimates  of  |16)  and  |17'|,  (19)  is  implicitly  determinable.  In  this 
di ssertat ion ,  (19)  is  not  explicitly  estimated,  however,  due  to  the 
elicitation  problem  alluded  to  in  the  section  "Outputs"  earlier  in  this 
chapter . 

The  equations  (16)  snd  (17)  are  estimated  five  times,  through  the 
estimation  of  (17'j,  one  for  each  undergraduate  class  year  in  progress 
sod  once  for  the  aggregate  university  academic  year  output.  Input 
variables  are  identical  for  equations  of  each  specified  level  of  edu¬ 
cation  (representing  class  inputs)  while  snd  represent  the  number 
of  students  to  fioish  or  drop  respectively.  The  error  terms  are  and 
tj ,  J  e  1  to  5 
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UoflijHBA 

(20)  K(  -  pjN.S  ♦  P2SC  ♦  ^1RS  ♦  04AA  ♦  >y 

UH  Kj  *  Y,NS  ♦  YlSC  ♦  YjRS  ♦  y4aa  ♦  t,. 

121*1  N,  -  U'P,)NS  -  p2Sf  -  fl^RS  -  P^AA  -  |i 

Bn  jusr  the  tiofl.MBA  program  is  a  two-year  graduate  program  and  because 
it  has  such  a  relatively  short  life,  equation  [21' |  is  only  estimated 
one  time  representing  an  aggregate  academic  year  output. 

Properties 

In  subiective  statistical  theory,  0.,  and  Yl  are  not  observable 
random  quantities  having  a  sampling  distribution  but  rather  nuisance 
parameters.  They  are  useful,  not  in  representing  some  measurable 
characteristic  of  the  real  university  world,  but  in  representing  char¬ 
acteristics  of  the  researcher's  opinions  (a«  evidenced  by  the  included 
variables)  about  the  observable  and  measurable  independent  and  de¬ 
pendent  variables.  The  researcher's  opinions  are  further  supplemented 
by  the  prior  opinions  of  experts  in  the  particular  field  under  study. 

Once  the  classical  model  is  estimated  using  equations  [17'|  and 
121’),  the  elicited  prior  opinions  of  the  experts  are  brought  to  bear. 
The  posterior  mean  of  the  distribution  of  the  coefficients  is  a  weighted 
linear  convex  combination  of  the  prior  mean  and  the  maximum  likelihood 
mean  with  weights  proportional  to  the  precision  of  each.  Appendix  D 
details  the  statistical  properties  and  assumptions. 

The  properties  of  the  joint  product  have  briefly  been  mentioned  and 
include. 

1.  Number  of  products  *  m  =  2. 

2.  Number  of  product  relations  *  u  «  2. 
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1.  Degree  of  assortment  -  a-  a-  u-O. 

The  productivity  of  the  university  as  defined  here  by  the  number  of 

beginning  students  who  complete  the  school  year,  must  not  be  confused 

with  efficiency  of  the  university.  Efficiency  refers  to  the  optissal 

combination  of  inputs  to  produce  4  given  output  at  least  cost.  It  is 

aM"4sured  at  *  point  in  l lae .  Produitivity  here  is  measured  between 

two  calendar  dales,  the  beginning  of  the  school  year  and  the  ending 

ihereo'  The  relationships  developed  between  the  inputs  and  the  joint 

product  outputs  desirihes  average  behavior  of  a  class  of  students.  This 

average  information  aay  not  be  particularly  useful  in  predicting  how 

1 2 

changes  in  inputs  would  affect  the  ou  puts.  Related  to  that  is  one  of 
the  disadvantages  of  the  linearly  additive  educational  production 
function,  i.e.,  it  provides  a  constant  marginal  product  (ffP)  for  each 
and  every  input  independent  of  the  level  of  that  input. 

Hypotheses 

The  hypotheses  tested  fit  into  one  of  two  general  categories.  The 
first  is  the  question  of  empirical  validity  for  the  methodology  of  using 
a  joint  product  output.  This  is  examined  in  the  traditional  sense  hy 
comparing  the  relative  explanatory  power  of  the  determinants  of  the  two 
dependent  variables  for  each  level  of  higher  education  as  well  as  the 
aggregate  university  academic  year  output.  The  subjective  statistical 
approach  employed  goes  one  step  beyond  the  classical  methodology  and 
merges  prior  opinions  of  experts  with  the  classical  statistical  results. 

The  second  category  posited  relates  to  the  models  developed.  The 
specific  models  allow  examination  of  the  three  classes  of  independent 
variables  for  each  level  of  education;  i.e.,  scale  of  operations, 
rlasi'year  characteristics,  and  institutional  inputs.  By  looking  at 
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attrition  and  completion  in  the  factorial ly  determined  product  relation* 
ship,  light  it  shed  on  factors  which  lead  to  attrition  from  universi¬ 
ties  It  was  shown  earlier  in  Chapter  III  that  since  the  k-function  is 
hemogenrous  to  the  zero  degree,  the  relative  amount  of  attrition  at  a 
university  will  not  change  unless  inputs  are  varied  disproportionately. 
Thus,  policy  esqihasls  can  be  placed  on  those  critical  input  areas  to 
reduce  said  attrition 

In  addition  to  the  general  categories  outlined  above,  this  effort 
explores  the  validity  of  using  educated  nonfinishers  or  dropouts  as  one 
output  of  higher  education.  Chapter  II  and  Appendix  C  each  contain  a 
review  of  many  authors  who  had  performed  work  in  the  economics  of  edu¬ 
cation  using  an  educational  production  function.  Almost  without  ex¬ 
ception  (see  Chixmar  and  Zak,  1963),  the  output  is  singular  and  the 
proxy  for  measurement  is  some  type  of  cognitive  achievesient  as  measured 
through  an  examination.  And  yet,  the  same  literature  provides  sound 
basis  for  a  critique  of  the  output  most  commonly  used  The  analysis 
provided  in  this  dissertation  recognized,  through  the  joint  product 
approach  used,  that  which  is  generally  agreed  upon  as  common  knowledge. 
That  is,  the  further  s  student  progresses  through  s  university  edu¬ 
cational  process  before  quitting  or  dropping  out,  the  more  Inputs  and 
resources  that  educated  dropout  hat  absorbed. 

Summary 

This  chapter  has  presented  the  production  theory  which  supports 
using  attrition  as  an  output  for  institutions  of  * lgber  learning. 
Educated  quitters  then  become  pert  of  e  university's  mul t i-product 
output.  There  exists  a  distinct  difference  between  multiple  products 
end  Joint  products  but  the  letter  is  considered  a  subset  of  the  former 
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type  of  production.  A  Joint  product  production  process  must  be  con¬ 
sidered  * imul t inroui 1 y  unless  it  it  ascertained  that  the  process  is  a 
factorial ly  determined  production  process.  The  process  under  study  here 
fits  the  factonally  determined  production  case,  the  two  types  of  which 
are  separable  and  perfectly  coupled.  Given  the  inputs  which  include  the 
scale  of  operations  as  defined  by  the  nuartier  of  students  and  the  output 
as  defioed  by  educated  finishers  and  educated  quitters,  university 
production  fits  the  partially  separable  case;  i.e.,  less  than  perfectly 
coupled . 

Equations  were  presented  in  the  chapter  and  the  SKidel  used  in  this 
dissertation  was  developed.  The  variables  used  were  described  in  enough 
detail  to  complete  the  model.  The  preponderance  of  variable  definition 
along  with  the  measureawnt  of  those  variables  now  follows  in  the  chapter 
on  the  description  of  the  data. 
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Notes  to  ^hapter^  III 

1  Paul  A.  Saauelson  point*  out  the  condition*  under  which  •  firs 
May  h*ve  Multiple  product*  but  not  produce  a  joint  product  in  "The 
Fundaa*ntal  Singularity  Thcoren  for  Non-Joint  Production,"  International 
F.conoeuc  Review,  1966,  7,  34-41.  See  AI*o:  E.  Burneiater  and  S.  J. 
Turnoviky,  "The  Degree  of  Joint  Production,"  International  Economic 
Review,  1971,  12,  99-105;  and  M .  Hirota  and  X .  Kuga ,  "On  an  Intrinaic 
Joint  Production,"  Internat ions  1  Economic  Review,  1971  ,  12,  87-98. 

2.  HD.  Vinod,  "Econoaet rics  of  Joint  Production,"  Er  onoaetr  i_c  a  , 
April  1968,  36,  322-36,  present*  a  disruption  of  joint  production  and 
then  eaploys  the  econoaetnc*  which  he  develops  in  an  exaaqile  using 
•utton  and  wool  as  joint  products  Hi*  effort*,  though  debated  on 
certain  ground*  which  are  irrelevant  to  this  dissertation,  provided  the 
basis  for  a  subsequent  study  by  John  F.  Chizaar  and  Thoaus  A.  Zak, 
"Modeling  Multiple  Outputs  in  Educational  Production  Function*," 

Aarrican  Econoaic  Review,  May  1983,  73,  18-22.  See  also:  Potluri  Rao, 
"A  Note  on  F.coacwaet  r  l  r*  of  Joint  Production,"  Econoaetnca ,  October 
1969,  37 ,  737-8.  “ 

3.  See  Ragnar  Fri*ch,  Theory^ of  Production,  Chicago:  Rand  McNally 
A  Co.,  1965,  269.  Most  of  the  theoretical  parta  of  thi*  chapter  are 
extracted  from  Frisch  Chapter  14,  which  May  be  exaMined  for  a  better 
understanding  of  joint  product  theory.  Kenneth  Laitinen,  A  Theor.  of 
the  Multiproduct  Firm,  New  York:  Not th-Hol land  Publishing  Co,  1980 ,  5, 
asserts  that  Frisch  present*  a  More  detailed  Model  of  the  f i rM  but  does 
so  at  the  cost  of  sacrificing  generality. 

4.  In  Frisch,  1965,  269,  "a”  is  called  the  degree  of  assortattot  or 
the  degree  of  freedoo  of  asaorta^nt. 

5.  Ibid. ,  270-1 . 

6  ChiZMar  and  Zak,  (1983)  (see  note  2  above),  apply  joint  product 
production  to  education  and  provide  yet  a  different  exaaqrle  from  thoae 
of  Frisch.  They  borrow  the  notion  of  "input  exhaustion"  froM  Brown  and 
Saks  (1975),  aud  uae  it  to  indicate  the  degree  of  jointness,  or  what  is 
here  referred  to  as  degree  of  coupling. 

7.  As  previously  indicated  in  Chapter  I,  even  those  who  drop  out 
of  college  gain  scxaelhiig  froM  the  educational  experience.  Hence,  they 
are  referred  to  as  educated  dropouts. 

8.  The  percentage  is  derived  as  follows:  (l)  Fron  Chapter  II, 
the  top  20%  of  the  graduating  high  school  claas  contributes  42%  of  the 
beginning  freahaen  at  universities  and  32%  of  the  dropouts.  (2)  0t 
every  100  students  beginning  college,  40  drop  out  and  never  earn  a 
degree.  (3)  32%  of  40  *  12.8  of  the  dropouts  coae  fron  the  top  20%  of 
their  high  acbool  class.  (4)  Because  there  are  42  of  every  100  fron 
that  category  in  school  and  12.8  of  then  drop,  then  nearly  31%  of  the 
nation's  top  high  school  students  drop  out  of  college. 
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9.  The  ration  N./N,  is  related  to  attrition  (M./HS)  by  MS  -  N  ♦ 
„  f  d  (I  t 

V 

10.  Had  it  been  feasible  in  the  elicitation  process,  an  alterna¬ 
tive  specification  like  the  Cobb-Dougias  could  have  been  used  in  lieu 
of  the  lineai  Model  used  here.  In  the  Cobb-Douglas  case,  the  ratio 

VNd  *  k(Xr  V  =  -  X,**^  X2-rt.  The  degree 

of  homogeneity  of  k  depends  analytically  on  the  ct  and  the  B  values. 
See  V 1  nod  ( 196B)  1  ' 

11  See  Mark  Blaug,  "The  Productivity  of  Universities,"  in  his 
Economics  of  Kducation1  II,  Baltimore:  Penguin  Books,  Inc.,  1969, 

11 5-6 . 

!»!.  See  Eric  A  Hanushek,  "Coni  *“pt ua  1  and  Emp irical  Issues  in  the 
Estimation  of  Educational  Production  Functions,"  The^Journal  of  Human 
Hesnurces,  Sumac r  1979,  XIV,  d69 . 
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CHAPTER  IV 


DATA  DESCRIPTION  AND  ANALYSIS 

Introduc  t  ion 

In  this  chapter,  detailed  descriptions  of  the  variable*  used  are 
presented  along  with  the  Measurement  of  those  variables.  In  some  cases, 
assumptions  are  (ailed  upon  in  order  to  provide  a  reliable  measure  of 
specific  variables.  Variable  definitions  are  provided  for  both  data 
sets  used  in  the  study.  The  chapter  continues  and  is  further  divided  to 
provide  a  description  of  the  analytical  processes  employed.  However, 
the  specific  statistical  methodology  is  reserved  for  Appendix  D. 

Variables  Defined  and  Measured 

Thr  data  for  both  the  I'SAJA  study  and  the  UofU.HBA  program  were 
estracted  from  records  kept  at  each  university  location.1  Although 
other  information  was  available  from  those  records,  piedominant  at¬ 
tention  was  placed  upon  the  explanatory  variables  as  already  outlined  m 
the  model  definition  of  Chapter  III.  Because  of  the  differences  in 
variables  used  tn  the  two  data  sets,  each  set  receives  its  own  treatment 
here . 


USAE'A  Variables 

Output 

While  quality  differences  in  terms  of  type  of  degree  earned  have 
been  important  in  the  literature,  for  various  practical  reasons  and  the 
fact  that  such  differences  are  not  great,  thia  dissertation  uaes  raw 


nuartiers  for  output.  A  student  is  classified  as  a  finisher  (N^ J  if  said 
student  satisfactorily  completes  all  of  the  requirements  of  the  edu¬ 
cational  level  under  study  such  that  moves*nt  to  the  subsequent  level 
occurs  in  the  next  academic  school  year.  The  second  output  of  the  joint 

product  is  the  nuaber  of  nonfinishers  (N,).  Nonfinishers  are  those 

a 

students  who  begin  a  school  year  but  for  various  reasons  terminate  their 
education  at  soae  point  during  the  year  or  prior  to  the  beginning  of  the 
subsequent  year  Close  scrutiny  of  those  definitions  reveals  wbat  could 
be  a  serious  flaw  in  meaaureaent  and  that  is  the  handling  of  students 
who  do  not  drop  nor  do  they  finish  within  the  prescribed  year  but  sub¬ 
sequently  do  coaplrte. 

The  USAFA  registrars  office  accounts  for  auch  students  using  the 
terminology  ''turnbacks  into  class"  (TIC)  and  "turnbacks  out  of  class" 
(TOC).  A  TIC  is  a  student  from  a  preceding  class  who  failed  to  complete 
one  or  more  course  years  of  study  but  persisted  and  subsequently 
finished  coursewor.k  with  s  class  other  than  the  onr  with  which  college 
began  A  TOC  student  is  one  who  did  not  drop  from  school  but  went  bsck 
a  class  or  more  and  persisted  with  educational  pursuits.  Such  a  TOC 
does  not  affect  the  attrition  rate  of  the  class  with  which  said  student 
started.  Therefore,  the  entering  strength  of  each  graduating  class,  or 
each  claaa  for  all  four  levels  of  education,  is  an  adjusted  entering 
atrength  comprised  of  new  cadets  or  preceding  level  finishers  plus  TICs 
minus  TOCs. 

A  brief  example  will  illustrate.  Assume  the  Class  of  198x  ♦  4 
begins  tbe  freshman  level  of  school  in  I98x  with  1S00  new  cadets. 

During  the  year,  18  cadets  were  turned  bsck  from  preceding  classes.  Ten 
members  of  tbe  Class  of  198x  ♦  4  were  turned  beck  into  the  Class  of  198x 
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♦  5  and  250  terminated  their  education  at  the  acadeay  for  whatever 

reason.  N^  is  determined  as  follows: 

1500  ♦  1 8  -  10=  1508  adjusted  entering  strength. 

1508  *  N  .  *  N,. 

a  I 

250  =  N  , ,  so  1508  -  250  =  1258  =  N,  . 
d  f 

That  leads  naturally  to  the  first  input  used  with  both  data  sets,  the 
nuaber  of  students. 


Input a 


The  first  input  is  designed  to  determine  the  significance  of  scale 

2 

on  attrition.  Scale  is  aeasured  by  the  nuaber  of  students  enrolled 
(NS)  m  raw  numbers.  It  is  defined  as  the  adjusted  entering  strength  of 
cadets  into  each  respective  class  level.  Using  the  exempt*  started  in 
the  Output  section,  the  NS  for  the  freshman  level  was  1508  students. 
Because  1258  -  from  the  freshman  year,  1258  is  also  the  NS  for  the 
subsequent  sophomore  year.  Assume  further  that  200  students  quit  during 
the  aophomc  e  year,  100  during  the  third,  and  22  during  the  final  year 
at  the  acadeay  and  that  TICs  were  3  during  the  third  year  and  TOCs  were 
2  during  the  senior  year.  Then 


NS» 

"dl 

"fl 

*d2 

*12 

MS, 


d3 

*f  3 

MS. 


=  1508 
*  250 

»  NS2  *  1258 
s  200 
>  1058 

a  1058  ♦  3  *  1061 
»  100 
■  961 

«  961  -  2  «  959 


=  937  =  number  graduating  for  Class  198*  ♦  4. 

In  addition  to  the  number  of  students,  which  is  used  to  Measure 
scale,  four  variables  are  used  to  Measure  quality  differences  in  input 
ovrr  t law  One  of  the  four  variables  used  to  Measure  the  differences  in 
class  characteristics  is  the  average  clast  score  (SC)  on  the  college 
entrance  exaMination.  The  two  Most  popular  of  such  exaMS  are  the  Scho¬ 
lastic  Aptitude  Teat  (SAT)  of  the  College  Entrance  ExaMination  Board  and 

3 

the  exaa  published  by  the  Aawr>can  College  Testing  Program  (ACT).  The 
IISAFA  employed  SAT  results  beginning  with  the  first  entering  Class  of 
1959  and  have  continued  to  use  SAT  results  to  the  present  time  How¬ 
ever,  a*  more  and  More  prospective  students  took  the  ACT,  the  Academy 
felt  a  need  to  accept  ACT  results.  Beginning  in  1974  with  the  Class  of 
1978,  results  of  the  ACT  were  accepted  and  published  along  with  SAT 
results  for  beginning  cadets. 

To  arrive  at  a  common  measurement ,  it  is  necessary  to  equate  the 
SAT  and  ACT  score  results.  Chase  and  Barntt  provide  the  basis  for  the 
common  relationship  The  details  of  their  effort  to  provide  a  con¬ 
cordance  between  SAT  and  ACT  results  are  provided  in  Appendix  E.  Tne 
relevant  range  of  their  study  as  it  applies  to  the  entering  USAF  cadet 
class  characteristics  is  shown  in  Table  8. 

The  SC  used  as  an  input  variable  represents  a  weighted  average  of 
the  SAT  composite  mean  with  the  average  coapos ile  ACT,  converted  to  au 
SAT  equivalent,  where  the  weights  are  based  on  the  number  of  entering 
students  taking  each  exam.  For  example,  the  Claaa  of  1978  had  543 
entering  atudents  take  the  ACT  and  the  compoaite  mean  score  was  109.4. 
from  Table  8,  109.4  converts  to  1226  in  SAT  terms.  The  same  claaa  had 
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T*Mp  fi  --Coiapoaite  SAT  and  ACT  Kelat  lonahip 


ACT  Total 

103  5 

104  0 
1 04 .  5 
105.0 

105.5 
106.0 
106  1 
10  7.0 

107.5 
108  0 

108.5 
109.0 

109.5 
110.0 
1  10.5 
111.0 

111.5 
112.0 
1125 
113.0 
m.5 

'Adapted  t ram  Chase  and  Barritt 


SAT  Total 
1167.0 
11710 
1)  7b.  0 
11810 
1  IBfc  0 
11910 

1196.5 
1202.0 
1207  0 
1212.0 
1217.0 
1222.0 

1227. 5 

123  .0 
1  2  38  .  0 

124  5.0 

1248.5 
1254.0 
1259.0 
1264.0 
1269  0 

(1966,  Table  3,  pp .  107-8). 
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1083  entering  students  who  qualified  taking  the  SAT.  The  composite 
average  SAT  score  was  1200.  The  weighting  is  approximately  2:1  for  the 
SAT  and  the  equivalent  weighted  class  SC  is  approxiaately  1209. 

The  second  class  characteristic  is  represented  by  the  range  of 
scores  froa  the  SAT  or  SAT  equivalent  entrance  exaa.  Range  (RS)  is  used 
to  test  for  the  iaportance  of  homogeneity  of  classes  entering  the  acade- 
ay.  However,  a  simple  range;  i.e.,  655  (1530  -  875),  is  not  available 
on  a  per-student  basis.  What  is  available  is  the  low  and  high  of  the 
verbal  and  math  aptitude  portions  of  the  exaa  for  the  entering  group  as 
a  whole.  It  is  obvious  that  the  sua  of  the  low  verbal  score  and  low 
aatb  score  does  not  represent  the  coaposite  score  of  the  lowest  scoring 
student,  just  as  the  high  scores  cannot  be  an  accurate  representation  of 
the  student  with  the  overall  highest  scores.  The  appropriate  RS  will 
always  be  less  than  or  equal  to  the  proxy  measure  used  in  this  study, 

the  sua  of  the  lowest  to  the  sua  of  the  highest  scores,  but  it  is  as- 

suaed  that  the  difference  will  be  noraally  distributed  with  some  speci¬ 
fied  aean  and  a  constant  variance.  Therefore,  the  proxy  is  justified. 

To  clarify  then,  RS  represents  the  range  of  scores  froa  the  SAT.  How¬ 
ever,  it  is  not  a  staple  range  aeasure.  It  is  a  proxy  measurement  (or 
coaposite)  where  the  low  end  of  the  range  is  calculated  as  the  sua  of 

the  lowest  scores  on  each  of  the  two  parts  of  the  exaa,  verbal  aptitude 

and  aath  aptitude.  The  high  end  is  the  sua  of  the  highest  scores  on 
each  of  the  two  portions  of  the  SAT.  Further  work  oust  subsequently  be 
undertaken  to  test  results  of  the  simple  range  in  college  entrance  exaa 
scores  and  should  be  enlarged  upon  to  include  the  range  of  other  input 
variables  such  as  the  physical  and  leadership  aeesures  as  well. 

The  next  two  class  characteristics  are  not  cooaon  inputs  to  a 
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university  but  srise  from  the  USAFA  purpose  being  to  prepare  young  sten 
and  young  woaen  cadets  to  becoae  career  officers  in  the  United  States 

4 

Air  Force.  These  two  charscteristics  are  considered  to  be  an  integral 
part  of  the  preparation,  both  before  entering  and  during  the  four  years 
of  attendance  at  the  Academy.  One  is  physical  (PH),  the  other  is 
leadership  (LD).^ 

The  PH  aptitude  exaaination  is  a  coaposite  of  perforaance  on 
several  athletic  events  and  is  separate  froa  the  sfedical  exaaination 
given  each  cadet.  It  is  a  aeasure  of  strength,  speed,  agility,  and 
geoeral  physical  condition.  Specifically,  the  cadets  do  push-ups, 
pull-ups,  sit-ups,  and  a  300-yard  shuttle  run.  Pull-ups  are  measured  in 
terms  of  the  number  that  a  cadet  can  perform.  Sit-ups  and  push-ups  are 
both  liaited  to  the  nuaber  completed  in  two  ainutes.  The  300-yard 
shuttle  run  consists  of  running  six  round  trips  between  two  turning 
lines,  25  yards  apart,  in  the  shortest  tiae  possible.  The  runner  aust 
stay  within  a  five-foot  wide  lane  at  all  timet  during  the  run.^  The 
four  events  are  scored  sod  each  cadet  awarded  a  score,  the  sua  of  all 
four  events.  Since  this  system  was  instituted  for  the  Class  of  1961, 
the  mean  class  score  has  varied  from  502  (Class  of  1987,  freshmen  in 
1983-4)  to  573.7  (Class  of  1968,  freshmen  in  1964-5).  The  lowest  score 
ever  recorded  by  an  entering  cadet  was  270  froa  the  Class  of  1987  while 
every  class  has  had  at  least  one  cadet  score  the  aaxiauja  of  800  points. 
For  this  study,  the  class  mean  was  used  to  saasure  the  entering  class 
candidate  fitness  characteristic. 

The  leadership  coaposite  is  an  attempt  to  aeasure  a  cadet's  pre¬ 
vious  leadership  experiences.  The  raw  score  is  the  sua  of  athletic  and 
nonathletic  indices.  The  athletic  index  is  derived  froa  participation 
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and  achievement  in  extracurricular  high  school  athletics  including 
baseball,  basketball,  football,  hockey,  track,  tennis,  lacrosse,  soccer, 
swimming,  wrestling,  golf,  and  any  other  sport  with  which  a  prospective 
cadet  stay  have  been  involved.  The  nonathletic  index  includes  class  or 
club  officers,  student  government  positions,  awards  in  academic  socie¬ 
ties  such  as  National  Honor  Society  and  Boy's  or  Girl's  State  Delegate, 
participation  and  achievement  in  public  speaking,  debate,  drama,  publi¬ 
cations,  musical  activities,  science  clubs,  scouts,  Civil  Air  Patrol, 
Reserve  Officer  Training  Corps,  and  membership  in  community  and  church 
organizations.  Acadeaty  personnel  feel  that  such  athletic  and  nonath¬ 
letic  activities  provide  an  indication  of  the  candidate's  leadership 
potential.  "If  a  student  has  had  to  work  to  provide  family  financial 
assistance,  the  Academy  considers  the  work  experience  as  deoawnstration 
of  leadership  potential  in  lieu  of  certain  participation  in  extracur¬ 
ricular  activities,"  (USAFA  Preparation,  1981).  The  LD  sieasure  is  a 
composite  of  all  these  leadership  activities.  Over  the  years,  the  range 
of  this  measure  has  been  from  a  low  of  970  points  for  one  cadet  in  the 
Class  of  1966  to  a  high  of  2400  points  for  one  cadet  in  the  Class  of 
1983.  The  class  average  score  was  utilized  here  with  the  range  of  that 
swan  varying  between  1572.4  for  the  Class  of  1963  and  1760  for  the  Class 
of  1968. 

In  addition  to  scale  of  operations  and  class  characteristics, 
institutional  inputs  have  an  impact  upon  university  production.  One 
such  input  which  has  consistently  been  used  in  educational  production 
functions  is  faculty  quality  (FQ).^  In  secondary  and  elementary 
schools,  an  appropriate  measure  of  faculty  quality  is  the  college  degree 
plus  years  of  formal  education  received  by  each  faculty  stfmber.  tut  at 


a  university,  some  other  measure  is  more  appropriate.  The  USAFA  re¬ 
quires  some  other  measure  for  two  additional  reasons.  The  first  is  the 

g 

tact  that  all  faculty  members  must  hold  at  least  a  master's  degree. 

The  second  is  the  fact  that  the  institution,  even  though  accredited  by 
the  North  Central  Association  of  Colleges  and  Schools  and  the  Accredit¬ 
ation  Board  for  Engineering  and  Technology,  (USAFA  Catalog,  1983-4,  p. 
49)  is  operated  under  the  auspices  of  the  military  and  most  faculty  are 
Air  force  officers  whose  selection  to  the  faculty  is  based  upon  their 
experiences  within  the  fields  in  which  they  instruct.  For  those 
reasons,  faculty  quality  is  defined  as  the  percentage  of  total  faculty 
who  possess  a  Ph.D.  or  Ph.D.  equivalent  degree.  Data  for  this  input 
variable  were  manually  extracted  from  The  Air  Force  Academy  Catalog 
which  is  published  annually  and  usually  precedes  the  beginning  of  the 
school  year  by  several  months.  For  example,  the  1957-8  catalog  was  used 
to  extract  data  for  the  school  year  1957-8,  even  though  additional 
faculty  may  have  been  added  or  sosw  existing  faculty  members  transferred 
between  the  time  of  catalog  publication  and  actual  class  resumption  at 
the  beginning  of  the  school  year.  Therefore,  the  cut-off  date  for 
a*asuresM>nt  of  FQ  for  a  school  year  is  the  publication  date  of  the 
catalog  for  that  school  year.  The  FQ  for  the  USAFA  ranged  from  a  low  of 
.1838  in  1961  to  a  high  of  .3376  in  1982. 

Faculty  experience  (FZ)  is  similar  to  FQ  in  that  it  too  was  taken 
from  the  catalog,  so  the  same  cut-off  date  for  measurement  applies. 
However,  experience  is  not  measured  in  the  traditional  sense  of  teaching 
experience.  Because  it  is  a  military  sponsored  school  and  the  students 
are  professional  military  trainees,  the  FS  is  defined  as  the  average 
number  of  years  of  military  experience  for  the  faculty  as  the  faculty  is 
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measured  f roa  the  school  catalog.  But  even  that  definition  requires 
further  clarification. 

Within  the  USAF,  promotion  to  a  specific  grade  is  dependent  upon 
performance  of  duty  and  tiate* in-grade  in  the  rank  just  preceding  the 
promotion  rank.  Though  it  is  not  aundatory,  a  great  majority,  say  99%, 
of  all  officer  promotions  follow  a  time-table  similar  to  that  in  Table 
9.  The  final  column  of  that  table  lists  the  number  of  years  of  mili¬ 
tary  experience  used  in  the  computation  of  faculty  experience.  A  short 
illustration  is  warranted.  The  1955-6  catalog  shows  19  colonels,  29 
lieutenant  colonels,  1 45  majors,  181  captains,  18  first  lieutenants,  and 
1  second  lieutenant  on  the  USAFA  faculty.  Using  25,  21,  14,  7,  3,  and  2 
aa  the  respective  military  experience  of  each  rank  involved,  11.3  years 
is  the  average  FE  for  the  school  year  1955-6.  The  FE  varied  from  a  low 
of  9.9  years  to  a  high  of  13.0  years  for  the  time  covered  in  this  study. 

The  final  institutional  input  used  is  one  which  is  related  to  scale 
of  operations  hut  from  the  university  side  as  opposed  to  the  raw  number 
of  students.  That  variable  is  the  student-faculty  ratio  (ST).  Gener¬ 
ally  the  student-faculty  ratio  ia  included  in  such  studies  to  provide  a 
proxy  measure  for  the  amount  of  pupil-teacher  interaction.  At  most 
universities,  a  measure  which  would  better  describe  the  extent  of  that 

contact  is  the  class  size;  i.e.,  the  number  of  students  being  taught  in 
q 

each  class  offered.  However,  at  the  Air  Force  Academy,  all  classrooms 
except  eight  75-cadet  and  eight  40-cadet  "lectinars"  are  built  for 
fifteen  to  twenty  students,  thus  encouraging  free  communication  between 
the  instructor  and  cadets.10  Such  being  the  case,  little  variation  ia 
manifested  in  the  aise  of  class  being  taught  by  each  professor.  There¬ 
fore,  the  student-faculty  ratio  is  used,  not  to  measure  the  amount  of 
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Table  9a--Typical  USAFA  Officer  Phase  Points  for  Promotion 


-  r-  ■  '  .1.  - 

Rank 

Year 

Attained 

Average 
Service  . 
Time  (Yrs)“ 

Years  for 
Estimating 

FE  Inputs 

Second  Lieutenant 

0 

1 

2 

First  Lieutenant 

2 

3 

3 

Captain 

4 

7.5 

7 

Major 

11 

13.5 

14 

Lieutenant  Colonel 

16 

19C 

21 

Colonel 

22 

26d 

25 

*Thia  table  does  not  reflect  United  States  Air  Force  policy  nor  should 
it  be  interpreted  as  such.  It  is  developed  by  the  author  based  on 
personal  service  experience  and  awrely  presents  his  views  of  promotion 
within  the  Air  Force.  The  predominant  factor  in  rank  advancement  is  NOT 
time  but  rather  performance  of  duty. 

^This  calculated  figure  is  based  on  the  midpoint  of  tis»  for  an  officer 
within  that  rank. 

Q 

Once  the  rank  of  lieutenant  colonel  (Lt  Col)  is  achieved,  an  officer  is 
generally  able  to  elect  to  stay  in  the  service  even  though  promotion  to 
a  subsequent  rank  is  not  achieved.  The  average  used  here  differs  from 
that  in  the  study  because  many  Lt  Cols  elect  to  stay  beyond  the  tis* 
when  they  would  have  been  prosK>ted  to  the  rank  of  colonel. 

She  average  used  here  represents  the  average  time  between  proawtion 
and  mandatory  retirement  at  thirty  years  of  service. 
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interaction  between  the  two,  but  rather  to  provide  a  measurement  of  the 
"potential"  for  interaction.  In  that  context,  it  is  felt  that  a 
student-teacher  ratio  is  is  predictive  and  as  important  to  student 
retent  ion  as  is  classroom  size. 

Now  that  the  variables  which  are  used  in  the  USAFA  study  have  been 
defined,  the  observations  on  those  variable  must  be  briefly  addressed. 

Observat ions 

Establishment  of  the  United  States  Air  Force  Acadesiy  was  Congress- 
lonally  authorized  on  1  April  1954  and  the  legislation  subsequently 
signed  by  President  Eisenhower.  The  first  class  at  the  USAFA,  the  Class 
of  1959,  entered  preuniversity  training*1  on  11  July  1955  with  the 
formal  university  education  beginning  the  fall  of  that  same  year  (USAFA 
Catalog,  1983-4,  pp .  135-7).  The  classes  have  continued  since  that 
tia».  The  cut-off  date  lor  this  study  is  30  June  1983.  Therefore,  data 
covering  2 8  classes  are  available  for  studying  the  freshaian  model,  data 
covering  27,  26,  and  25  classes  are  available  for  sophomore,  junior,  and 
senior  models  respectively.  And  to  keep  the  aggregate  model  consistent 
with  all  four  levels  of  education,  only  25  years  of  data  are  used  in 
that  model.  (The  years  1956,  1957,  and  1958  were  excluded  from  the 
aggregate  model  because  the  USAFA  output  was  not  complete  during  those 
years;  i.e.,  there  was  no  output  from  at  least  one  level.) 

However,  because  the  first  two  classes,  1959  and  1960,  were  ad¬ 
mitted  without  using  a  physical  and  leadership  measure,  data  for  those 
two  classes  had  to  be  ignored.  This  posed  no  significant  problems  and 
the  overlooking  of  the  first  two  classes  is  similar  to  the  accepted 
practice  of  ignoring  the  atart-up  phase  in  exploring  the  economics  of  s 
manufacturing  firm.  All  other  data  were  complete  with  no  missing 


88 


observations.  Hence,  the  number  of  observations  used  throughout  the  study  of 
the  USAFA  are  26,  25,  24,  and  23  for  the  freshman  through  senior  models 
respectively.  The  aggregate  model  contains  23  observations  as  well. 

Appendix  F  contains  all  raw  data  for  the  USAFA  models  along  with  perti- 
oent  statistical  information  on  the  observations  of  that  data. 

UofU,MBA  Variables 

It  is  essential  to  reemphasize  that  the  primary  purpose  for  in¬ 
cluding  data  from  the  UofU.MBA  program  is  not  for  model  building  and 
statistical  Inference  but  rather  for  the  descriptive  value  of  the  data 
itself.  Nevertheless,  a  model  is  developed  and  the  variables  which  are 
used  receive  their  definition  here  to  provide  an  understanding  of  pre¬ 
cisely  how  they  are  defined  and  measured  thus  facilitating  interpre¬ 
tation  of  the  data. 

Output 

The  index  of  output  measurement  used  for  the  UofU,MBA  study  is 
measured  and  defined  identically  with  that  of  the  USAFA.  That  is,  = 
the  number  of  students  who  finished  and  N^  r  the  number  of  students  who 
drop.  Ideally,  this  information  would  be  available  for  both  of  the  two 
levels  in  the  MBA  progrsa.  However,  such  records  sre  not  available. 
Therefore,  the  output  respresents  an  aggregate  output  where  is  .he 
number  of  graduates  from  the  progrsa  while  N^  represents  the  number  of 
students  who  started  their  MBA  education  but  have  never  finished.  They 
dropped  out  st  some  unknown  point  of  time  in  the  two-year  program  or  at 
least  subsequent  to  their  entering  the  program. 
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Inputs 

The  first  input  used  in  the  UofU.MBA  Modeling  is  the  nuaber  of 
students  (NS).  It  is  Measured  in  precisely  the  saae  fashion  as  NS  for 
the  USAFA.  The  second  variable  input,  Score  (SC)  Measures  entering 
class  characteristics  just  as  it  did  in  the  USAFA  data  but  the  Measure- 
aent  is  significantly  different.  Applicants  for  the  UofU.MBA  program 
are  required  to  take  the  Graduate  Management  Achievement  Test  (GMAT)  and 
suhait  the  results  to  the  university  when  making  application.  The 
results  of  the  GMAT  are  then  used  in  conjunction  with  undergraduate 
scholastic  efforts  in  the  foraula 

SC  =  (undergraduate  GPA  x  200)  ♦  GMAT. 

The  SC  used  for  each  tiae  period  in  this  study  is  the  mean  SC,  just  as 
with  the  other  data  set. 

Range  (RS)  again  represents  the  difference  between  the  highest  SC 
and  the  lowest  SC  for  each  entering  class.  In  lieu  of  the  PH  and  LD 
Measures  used  for  the  USAFA  study,  the  average  age  (AA)  of  each  entering 
class  is  used  to  round  out  quality  of  class  characteristics.  No  insti¬ 
tutional  inputs  are  used  with  this  data  set. 

The  primary  reason  for  the  change  in  the  nuaber  of  variables  used 
with  the  UofU,HBA  data  is  the  shortage  of  observations.  Adequate 
records  for  the  principle  two-year  program  begin  in  1970,  and  data  were 
only  available  to  1976.  However,  the  input  variables  used  provide 
description  and  Measure  output  in  two  of  the  three  general  areas  as  do 
those  for  the  USAFA;  i.e.,  scale  of  operation  and  class  characteristics. 
All  institutional  input  was  osaitted.  The  raw  data  for  the  UofU.MBA  is 
presented  later  in  Chapter  IV. 
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Ana  ljrses 

As  previously  stated  in  Chapter  I  and  again  in  Chapter  III,  this 
dissertation  employs  the  use  of  subjective  or  Bayesian  statistical 
analysis.  The  first  portion  of  this  section  provides  a  descriptive 
introduction  to  Bayesian  econometrics  beginning  with  probability  theory 
and  then  transitioning  to  linear  models  while  the  later  portion  de¬ 
scribes  the  analytical  thought  process  which  evolved  as  the  specific 
statistical  techniques  and  methods  were  employed. 

Bayesian  Statistics 

The  modern  birth  of  subjective  statistics  occurred  in  1954  with  the 

12 

publication  of  The  Foundations  of  Statistics  by  Leonard  J.  Savage. 
Certainly  not  all  will  be  specifically  referenced  here,  but  since  the 
publication  of  Savage' 6  book,  many  other  statisticians  have  written  on 
the  use  of  subjective  statistics.  Aaiong  them  are  DeGrott  (1970),  de 
Finetti  (1972),  Kyburg  and  Saiokler  (1964),  Lindley  (1956),  Learner 
(1978),  Zellner  (1971),  and  Larson  (1982).  All  of  these  authors  follow 
the  initial  thrust  of  Savage. 

The  difficulty  in  the  objectivistic  position  is  this.  In 
any  objecti  ’istic  view,  probab  lilies  can  apply  fruitfully 
only  to  repetitive  events,  that  is,  to  certain  processes;  and 
(depending  on  the  view  in  question)  it  is  either  meaningless 
to  talk  about  the  probability  that  a  given  proposition  is 
true,  or  this  probability  can  be  only  1  or  0,  according  as  the 
proposition  is  in  fact  true  or  false. 

(Savage,  1972,  p.  4] 

Jeffreys  (1961,  p.  401)  uses  different  words  but  evokes  a  similar 
meaning  when  be  aays,  "No  probability  ...  is  simply  a  frequency.  The 
fundamental  Idea  is  that  of  a  reasonable  degree  of  belief,  which  satis¬ 
fies  certain  rules  of  consistency  and  can  in  consequence  of  these  rules 
be  formally  expressed  by  numbers  .... 


Thus  Jeffreys  introduces  s 


91 


subjective  probability  theory  with  probability  being  regarded  as  repre¬ 
senting  a  degree  of  reasonable  belief  rather  thau  a  frequency. 

An  essential  element  of  the  subjective  theory  approach  is  Bayes’ 
theorem.  However,  Learner  (1978,  p.  23)  points  out  that,  "What  di6- 
tinquishes  Bayesians  from  non-Rayesians  is  not  their  acceptance  of  the 
conditional  probability  rule  but  rather  their  willingness  to  apply  it  to 
events  A  that  clearly  admit  no  frequency  interpretation."  In  proba¬ 
bility  notation,  the  Bayes  theorem  is  expressed  as 

1 22 ]  p(y,0)  =  p(y  6)  p(0) 

=  p(0  y)  p(y ) 

and  thus 

1131  ptftly )  = 

with  p(y)  ^  0.  This  last  expression  < an  hr  written  as 
I 24)  p(0|y)  «  p(0)  p(y|0) 

where  <*  denotes  proportionality;  p(fly)  i*  the  posterior  probability 

density  function  (pdf),  for  the  parameter  vet  tor  0,  given  the  sample 

information  y,  p(y|6),  viewed  at  a  function  of  8,  is  the  well-known 

likelihood  function,*1  and  p(8)  is  the  prior  pdf.  In  words,  then,  the 

posterior  pdf  is  proportional  to  the  prior  pdf  times  the  likelihood 
14 

est imator 

The  transition  f rom  this  understanding  of  Bayes’  theorem  and  the 
posterior  pdf  which  follows  therefrom  to  the  application  in  the  linear 
model  is  not  very  difficult  However,  due  to  the  notation  involved,  the 
specifics  of  the  subjective  posterior  distribution  of  the  linear  si  Jel 
srr  presented  in  Appendix  0  Suffice  to  ssy  here  that  the  subjective  or 
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Bayesian  view  of  statistics  provides  a  posterior  estiaiate  of  the  distri¬ 
bution  on  the  0-coef f icients .  That  posterior  estimate  has  a  mean  which 
is  a  weighted  linear  convex  combination  of  the  prior  mean  and  the  maxi¬ 
mum  likelihood  location  wit,h  the  weights  being  proportional  to  the 
precisions  of  each. 

The  weighted  coaibination  used  in  the  development  of  the  posterior 
estimation  of  0  is  especially  useful  when  the  data  are  "weak."  Weak 
data  may  be  a  result  of  few  observations  or  it  may  also  be  the  result  of 
poorly  specified  models.  Since  the  USAFA  has  been  in  existence  but  29 
years  and  only  23-26  observations  are  available  for  use  in  this  study, 
the  role  of  subjective  econoawtrics  becomes  even  larger  in  providing 
meaningful  estimates  of  the  0-coefficients  for  the  specified  models. 

Analytical  Processes 

This  portion  of  the  chapter  is  a  description  of  the  analytical 
thought  processes  which  evolved  as  the  specified  statistical  techniques 
and  methods  were  employed.  Specifically,  Appendix  D  covers  multiple 
linear  regression  and  subjective  statistical  theory  while  Appendix  G 
presents  a  brief  yet  thorough  discussion  of  solutions  to  the  problems 
which  arose  when  the  data  did  not  conform  to  the  assumptions  which  are 
inherent  in  the  statistical  technique  employed.  This  section  of  the 
chapter  is  further  subdivided  according  to  the  two  sets  of  data,  even 
though  there  are  many  similarities  between  the  two  sets. 

USAFA 

To  make  the  USAFA  data  compatible1^  with  the  elicited  prior  o- 
pinions  of  experts,  multiple  linear  regression  (MLR)  techniques  were 
modified  to  force  the  constant  value  to  be  nonexistent  and  the  total 
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explanation  of  variation  to  be  swallowed-up  in  the  estiasted  paraaeter 
values.  The  au>del  now  appears  specifically  at 

125]  Nd  =  pjNS  ♦  P2SC  ♦  P3RS  ♦  P4PH  ♦  pjLD  ♦  pgFQ  ♦  p?FE  ♦  PgSF  ♦  t, 

with  the  expectation  that  P} ,  p^,  p? ,  and  Pg  would  have  positive  signs; 
that  is,  the  respective  independent  variables  have  a  positive  effect  on 
the  nuaber  of  students  who  drop.  The  nuaber  of  students  in  a  class  (NS) 
is  alaost  certain  to  have  a  positive  influence  on  N^.  The  statistical 
question  becoaKS  one  of  proportionality.  Perhaps  the  cliche  "alsery 
likes  company"  best  explains  the  expected  positive  sign  on  P^  for  RS.  A 
aore  academically  homogeneous  group  (interpreted  by  a  reduction  in  RS) 
would  then  result  in  fewer  dropouts  because  fellow  classaates  feel  the 
aaa*  pressures  and  do  not  feel  "alone."  There  is  aore  of  a  feeling  of 
identity,  both  with  the  university  and  with  fellow  students,  and  as 
indicated  in  Chapter  II  under  the  section  on  attrition,  less  likelihood 
for  dropout.  Less  student-faculty  interaction  is  offered  as  the  single 
most  critical  explanation  for  the  expected  positive  signs  on  both  P^  and 
pg.  In  theory  at  least,  a  student  is  sure  likely  to  react  with  soawone 
more  nearly  contemporary  than  soaeone  else,  say  froa  the  preceding 
generation.  And  the  sign  associated  with  SF  presupposes  that  a  1:1 
relation  is  aore  productive  than  2:1  or  4:1. 

The  expected  negative  sign  of  p^  associated  with  SC  was  debated  by 
various  authors  writing  on  attrition.  However,  in  the  general  context, 
a  aore  academically  prepared  class,  as  evidenced  by  a  higher  SC,  would 
likely  have  fewer  students  drop  froa  the  prograa.  Each  of  the  reaaining 
coefficients,  Pg,  p^,  and  pg,  could  reasonably  have  either  positive  or 
negative  signs.  Adequate  justification  could  be  presented  to  support 


either  sign.  However,  from  the  perspective  of  the  USAFA,  both  and  0^ 
should  be  negative  to  justify  the  policy  of  using  PH  and  LD  as  ad¬ 
mittance  criteria  when  faced  witn  increased  attrition,  especially  if 
either  of  them  is  discovered  to  be  a  statistically  significant  determi¬ 
nant  of  attrition. 

The  general  result  of  building  a  model  like  equation  (25),  void  of 

2 

the  constant,  is  a  reduction  in  the  multiple  R  value,  that  is,  a  small 
portion  of  the  explained  variation  becosres  unexplained  while  total 
variation  remains  unchanged.  However,  the  overall  result  could  be 
interpreted  as  a  much  richer  description  of  the  educational  process 
using  the  inputs  outlined  with  no  additional  input  values  tied  to  a 
nondescr ipti ve  constant  value.  All  models  were  developed  void  of  the 
constant  value. 

The  next  item  of  concern  was  to  insure  that  all  assuaqitions  had 
been  met.  (See  Appendix  D  for  a  list  of  those  assuaqitions . )  Three  of 
the  critical  ones  are,  (1)  that  no  exact  linear  relationship  exists 
between  any  two  or  more  of  the  independent  input  variables,  (2)  the 
error  term  has  a  constant  variance,  and  (3)  that  the  errors  corre* 
sponding  to  different  observations  are  not  correlated.  The  first  as¬ 
sumption  was  easy  to  test  and  the  data  conformed.  The  second  was  tested 
by  plotting  the  squared  residual  values  versus  each  of  the  independent 
variables  and  against  time  and  making  a  visual  examination  to  determine 
whether  the  residual  term  did  in  fact  exhibit  constant  variation.  Based 
on  those  visual  observations,  it  was  determined  that  heteroscedasticity 
was  not  a  problem  with  the  data  and  the  second  assumption  held  true. 

The  third  of  those  three  major  assumptions  did  not  fall  so  easily 
into  place.  On  four  of  the  five  models  developed  (soptuwore,  junior, 
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senior,  and  aggregate)  the  Durbin-Watson  statistic  indicated  that  serial 
correlation  among  the  error  terms  nay  be  a  problem;  at  least  the  sta¬ 
tistic  was  such  that  serial  correlation  could  not  be  ruled  out.  And  in 
three  of  those  aodels  (sophoaore,  senior,  and  aggregate)  the  fora  of 
that  possible  correlation  was  negative. 

Serial  correlation  is  a  condition,  usually  present  in  time-series 
data,  where  the  error  tern  t roa  one  time  period  is  related  to  an  error 
tern  or  terms  from  closely  associated  time  periods.  In  the  junior  model 
under  study,  that  association  which  could  not  be  definitely  ruled  out 
was  positive  in  nature,  while  in  the  other  three  models  it  was  a  nega¬ 
tive  relationship.  The  freshman  model  was  the  only  one  to  effectively 
rule  out  that  correlation.  The  negative  serial  correlation  in  the 
majority  of  the  models  may  be  explained  by  overcompensation  in  the 
opposite  direction.  That  means  a  high  dropout  rate  this  year  will  be 
associated  with  a  low  dropout  rate  next  year.  (This  presupposes  that  a 
university  has  a  great  deal  of  control  over  who  drops  and  who  stays.) 
This  process  continues  but  obviously  within  certain  bounds. 

Pindyck  and  Rubinfeld  (1981,  p.  153)  commenting  on  serial  corre¬ 
lation,  say:  "As  a  general  rule,  the  presence  of  serial  correlation 
will  not  affect  the  unbiasedness  or  consistency  of  the  ordinary  least- 
squares  regression  estimators,  but  it  does  affect  their  efficiency." 
Therefore,  the  Hildreth-Lu  procedure  (see  Appendix  G)  was  implemented 
to  atone  for  the  loss  of  efficiency.  The  models  so  corrected  take  the 
form  found  in  equation  (26j. 

126|  <Yt  -  pYt.,)  =  0,(XU  -  PX,,^)  ♦  02(X2t  -  pX2t.j)  ♦  -  -  • 
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The  Models  requiring  correction  (sophomore,  junior,  senior,  sod  aggre¬ 
gate)  now  appear  as 


127]  (N 


pNd  )  *  0j(NSt  -  pNSt.j)  ♦  02(SCt  -  pSCt.,)  ♦  03(RSt  - 
pRSt.,)  ♦  04(PHt  -  pPH^)  ♦  05(LDt  -  pLD^) 

♦  06(FQt  -  pFQt_,)  ♦  P?(FEt  -  pFEt_j )  ♦  0g(SFt 

•  PSFt.,)  ♦  C«t  * 


The  classical  results,  after  correcting  for  correlation  where  necessary, 

are  presented  in  raw  fora  at  the  beginning  of  Appendix  H. 

Following  the  development  of  the  classical  Models  as  indicated  by 

equation  |27],  the  atteapt  was  Made  to  develop  a  More  explicit  classical 

model  of  the  Major  determinants  of  attrition  through  the  use  of  stepwise 

regression.  "In  stepwise  regression  one  adds  variables  to  a  model  to 
2 

maximize  R  or  equivalently  to  Minimize  the  error  sum  of  squares  (ESS)," 
(Pindyck  and  Rubinfeld,  1981,  p.  93).  However,  the  results  of  such  a 


stepwise  regression  have  to  be  carefully  interpreted. 

While  stepwise  regression  can  be  useful  in  helping  one  to 
look  at  data  when  there  are  a  large  number  of  possible  ex¬ 
planatory  variables  to  include,  it  is  of  little  or  no  value 
when  one  is  attempting  to  analyze  a  model  statistically.  The 
reason  is  that  t  and  F  tests  consider  the  test  of  a  null 
hypothesis  under  the  assumption  that  the  model  is  given  cor¬ 
rectly,  i.e.,  correctly  specified.  If  we  have  searched  over  a 
large  set  of  variables,  selecting  those  that  fit  well,  we  are 
likely  to  get  significant  t  tests  with  great  frequency.  As  a 
result,  the  large  t  statistics  do  not  allow  us  to  reject  the 
null  hypothesis  at  a  given  level  of  significance. 

(Pindyck  and  Rubinfeld,  1981,  pp.  93*4] 

The  classical  results  of  the  stepwise  regression  are  included  as  part  of 
Appendix  H. 


After  all  classical  results  were  obtained,  the  elicited  opinions  of 
three  individuals  closely  associated  with  the  admissions  process  at  the 
academy  were  averaged.1^  The  averages  were  used  with  the  MLI  results  in 


the  previously  specified  weighted  fashion  to  obtain  the  posterior 


distribution  of  the  3 . .  That  posterior  distribution  of  the  3  values  is 
a  t'distribut ion  with  the  location  specified  by  the  posterior  3  values 
found  in  the  last  section  of  Appendix  H.  It  is  precisely  that  posterior 
distribution  upon  which  aiany  of  the  conclusions  of  Chapter  V  are  based. 

UofU.MBA 

The  l)ofUrMBA  SK>del  is  explicitly  given  as 

(28)  N.  =  a  NS  ♦  a. SC  ♦  o.RS  ♦  a.AA  ♦  p. 
d  1  2  3  4 

The  raw  data  are  presented  in  Table  10. 


Chapter  Susssary 

Chapter  IV  has  been  a  presentation  of  the  input  and  output  varia¬ 
bles  used  in  this  dissertation.  Definitions  were  provided  and  srcasure-  ' 
aents  of  the  variables  described.  The  chapter  concluded  with  a  section 
on  the  analyses  which  were  performed.  A  Major  portion  of  that  section 
was  devoted  to  a  description  of  Bayesian  (subjective)  statistics  and  the 
role  that  Bayes'  theorea  plays  in  arriving  at  a  posterior  pdf,  or  in  the 


Table  10*--Raw  Data  for  UofU,MBA  Prograa 


Year 

*d 

NS 

SC 

RS 

AA 

1970 

52 

98 

1079.234 

499 

26.557 

1971 

49 

78 

1099.577 

462 

26.654 

1972 

63 

85 

1090.877 

639 

27.357 

1973 

36 

75 

1110.227 

597 

26.160 

1974 

43 

77 

1113.581 

473 

26.416 

1975 

40 

78 

1131.513 

449 

26.115 

1976 

31 

65 

1162.609 

511 

26.344 

*Data  were  extracted  froa  University  of  Utah  records  by  personnel 
associated  with  the  MBA  staff.  It  was  provided  this  author  in  raw  fora 
on  an  individual  student  basis  and  was  further  condensed  to  represent 
class  data  as  it  appears  here. 
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case  of  the  linear  model ,  the  posterior  distribution  of  the  p-coef- 
ficienls.  A  word  of  caution  is  paramount  at  this  point,  and  that  is~~ 
the  posterior  p^  are  not  meant  to  be  observable  characteristics  which 
describe  the  real  world.  Instead,  they  represent  the  author's  opinions 
about  the  observable  and  measurable  inputs  and  outputs  of  the  particular 
university  under  study.  Therefore,  great  care  must  be  exercised  in 
drawing  conclusions  and  the  inference  which  those  conclusions  have  for 
other  institutions  as  regards  to  attrition  from  universities. 
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Notes  to  Chapter  IV 

1.  The  USAFA  Office  of  Research  (RRE)  made  available  all  infor¬ 
mation  of  a  data  nature.  Most  was  extracted  from  United  States  Air 
Force  Academy,  Statistical  Summaries  of  USAFA  Cadets  and  Graduates, 
Colorado  Springs:  USAFA/RRE,  June  30,  1983.  Other  pieces  not  available 
in  that  publication  were  taken  from  data  maintained  by  RRE  on  the 
characteristics  of  entering  classes  at  the  Air  Force  Academy.  Data 

for  the  UofU,MBA  program  were  collected  by  personnel  associated  with 
that  program  and  taken  from  school  records  and  personal  student  files. 

2.  Although  aot  performed  specifically  for  the  effect  upon  at¬ 
trition,  Lawrence  W.  Kenny,  "A  Model  of  Optisul  Plant  Size  With  An 
Application  to  the  Demand  for  Cognitive  Achievement  and  for  School 
Size,”  Economic  Inquiry,  April  1982,  XX,  250,  found  that  the  scale  of 
operations  as  defined  by  school  size  is  an  isq>ortant  factor  in  SMaaure- 
ment  of  student  achievement.  For  that  reason,  scale  becomes  a  question 
of  Interest  in  examining  attrition  at  universities.  See  also:  P.  A. 
Watt,  "Economies  of  Scale  In  Schools:  Some  Evidence  from  the  Private 
Sector,”  Applied  Economics,  1980,  12,  235. 

3.  See  Clinton  I.  Chase  and  l.  Spencer  Barritt,  "A  Table  of  Con¬ 
cordance  Between  ACT  and  SAT,"  The  Journal  of  College  Student  Personnel, 
M%rch  1966,  7,  105;  and  Oscar  T.  Lenning,  Predictive  Validity  of  The 
ACT  Teats  at  Selective  Colleges,  ACT  Research  Report  No.'  69,  Iowa  City: 
ACT  Publications,  1975,  1.  The  latter  work  also  contains  the  results 

of  a  case  study  comparing  results  of  entering  students  who  took  the  SAT 
with  those  who  took  the  ACT  at  the  USAFA  during  the  1967  -  1969  frestusen 
years.  The  conclusion  of  that  case  study  was  that  the  ACT  is  as  pre¬ 
dictive  as  the  SAT  for  predicting  student  success  at  a  selective  uni¬ 
versity.  See  pages  5-10  of  that  report. 

4 .  See  The  United  States  Air  Force  Academy-Questions  and  Answers , 

1983,  1.  . .  . .  " 

5 .  See  "Preparation,"  1981,  a  paaqthlet  prepared  by  the  USAFA  and 
sent  to  all  potential  enrollees  of  the  Academy.  Physical  refers  to  the 
strenuous  body-building  activities  while  leadership  takes  in  a  host  of 
areas  such  as  high  school  student  government,  scouts,  and  membership  in 
community  organizations. 

6.  See  The  United  States  Air  Force  Academy  Catalog,  Colorado 
Springs:  Admissions  Liason  Office,  19^3-4,  93.  The  yearly  published 
catalog  contains  information  on  all  requirements  for  admittance  to  the 
Academy • 

7.  See  the  educational  production  function  studies  which  were 
referenced  and  reviewed  in  detail  in  Chapter  II  and  Appendix  C. 

8.  See  The  United  States  Air  force  Academy— Questions  and  Answers. 
1983,  22.  Also  see  all  editions  (l4si  -  19H)  of  the  institutional 
catalog  which  lists  individual  faculty  members  along  with  their  re¬ 
spective  scholarly  accolades. 
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9.  Steven  T.  Bossert,  Chairman  of  the  Educational  Administration 
Department  at  the  University  of  Utah,  feela  that  the  student-faculty 
ratio  ia  a  poor  aeaaure  of  that  interaction.  In  an  oral  interview  with 
the  author,  he  expreaaed  that  perhapa  a  better  aeaaure  of  pupil-in- 
atructor  contact  would  be  claaa  aize  aa  defined  by  the  number  of 
atudenta  in  each  claaa  being  taught. 

10.  See  Catalog,  (1983-4),  SO;  alao  Question*  and  Anawera,  1983, 

20. 

11.  Thia  preuniveraity  training  ia  ailitary  in  nature.  All  pro* 
apective  cadeta  go  through  thia  training  which  aight  well  be  likened  to 
baaic  ailitary  training  which  all  aervice  inductees  receive.  Even 
though  there  is  considerable  attrition  froa  thia  part  of  the  cadets' 
prograa,  thia  effort  only  focuses  upon  attrition  froa  the  univeriaty 
subsequent  to  the  Baaic  Cadet  Training  (BCT)  as  it  ia  called. 

12.  The  first  alternative  to  the  objective  view  that  probability  is 
a  physical  concept  such  aa  frequency,  was  enunciated  by  Jaaea  Bernoulli, 
1713,  in  Ara  Conjectandi.  He  said  that  probability  is  a  "degree  of 
confidence."  Savage  aade  the  first  publication  of  his  work  Foundations 
in  19S4.  Subsequent  to  that  time  he  reevaluated  his  position  soaewhat 
and  reconsidered  the  appropriateness  of  aany  frequentittic  applications. 
The  second  edition  was  then  published  in  1972,  not  appreciably  changing 
his  first  publication,  but  adding  aore  recent  developments ,  a  new 
preface,  new  footnotes,  and  a  supplementary  180-item,  annotated  bibli¬ 
ography.  Savage  asserts  that  "the  foundations  are  the  most  contro¬ 
versial  a  subject  as  one  could  n mm*."  (Savage,  1972,  1) 

13.  Usually  the  likelihood  function  is  expressed  as  £(6  |  y)  to 
emphasize  that  it  is  not  a  probability  density  function  (pdf),  whereas 
p(y|0)  is  a  pdf  for  the  sample  observations  y  given  the  parameters  6. 

14.  For  a  treatment  of  this  extremely  critical  facet  of  Bayesian 
econometrics,  see  Arnold  Zellner,  An  Introduction  to  Bayesian  Inference 
in  Econometrics,  Hew  York:  John  Wiley  &  Sons,  Inc.,  1971,  13-57;  or 
Edward  E.  Learner,  Specification  Searches,  Ad  Hoc  Inference  with  Mon- 
experimental  Data.  Hew  York:  John  Wiley  &  Sons,  Inc.,  1978,  22-40. 

15.  Coapatability  referred  to  here  is  for  swtrix  algebra  purposes. 

16.  Several  swthods  currently  exist  for  reconciling  the  differences 
between  elicited  opinions  of  two  or  more  experts.  One  such  method  is 
"Delphi,"  a  technique  developed  for  the  military  by  Rand  Corporation. 

See  Dalkey  and  Helner  (1963),  Cordon  and  Helmer  (1966),  Gordon  (1968), 
Dal key  (1968),  and  Linatone  and  Turoff  (1975).  Another  form  or  alterna¬ 
tive,  alao  developed  by  Rand  ia  "Delphi  Method  II."  See  Brown  et  al., 
(1969).  Both  of  theae  met hod a  were  created  to  ameliorate  difficulties 
aaaociated  with  face-to-face  task  groups.  Delphi  is  a  forecaating 
method  which  makes  use  of  subjective  probability  theory  and  which  is 
designed  to  depersonalise  or  reduce  personal  sources  of  bias  in  pre¬ 
paring  forecasts.  It  provides  a  system  for  combining  expert  opinions 
into  a  group  consensus  of  probabilistic  events.  Much  has  been  written, 
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both  pro  and  con,  on  the  Delphi  Method.  See  Sahal  and  Yee  (1975), 

Nelson  (1975),  Spangler  (3976)  and  Bunn  (1979).  Due  to  *o®e  of  the 
probleas  inherent  in  Delphi,  Ford  (1975)  developed  an  alternative  to 
Delphi  called  "Shang  Inquiry”  and  Brockhaus  (1975)  developed  POSTURE,  a 
Policy  Specification  Technique  Uaing  Realistic  Environments .  Perhaps 
the  a»st  critical  approach  to  Delphi,  however,  cosies  from  Morris  (1971, 
p.  6)  where  he  writes,  "...the  most  succinct  way  to  characterize  Delphi 
from  our  point  of  view  is  as  a  classical  statistics  treatment  of  an 
inherently  Bayesian  problem."  Most  of  the  techniques  mentioned  are 
primarily  concerned  with  the  opinions  of  experts  in  forecasting  for 
policy  formulation  or  taking  some  action  based  on  those  opinions. 

Because  this  dissertation  utilizes  the  subjective  opinions  in  a  weighted 
fashion  with  auximua  likelihood  estimators  in  an  atteaqpt  to  explain 
rather  than  forecast,  a  simple  average  of  the  three  elicited  opinions  is 
used  in  this  study  in  lieu  of  Delphi  or  any  other  group  consensus  tech¬ 
nique  . 


CHAPTER  V 


CONCLUSIONS  AND  RECOMMENDATIONS 

Introduction 

This  finsl  chapter  contains  the  results  and  conclusions  of  the 
study  on  the  two  data  sets.  In  all  cases,  results  are  presented  in 
table  fora  (either  in  this  chapter  or  in  Appendix  H)  for  all  levels  of 
the  study  for  which  specific  swdels  were  developed.  However,  following 
the  macro  approach  which  was  previously  specified  in  Chapters  I  and  III, 
and  for  which  a  university  shows  Major  concern  regarding  attrition,  the 
emphasis  is  on  the  conclusions  for  the  aggregate  model  even  though 
individual  andels  are  discussed.  During  any  given  academic  year,  the 
undergraduate  university  has  students  enrolled  in  all  four  levels  and 
attrition  can  occur  from  any  one  of  those  four.  Hence  the  interest  for 
policy  planning  should  be  focused  on  the  determinants  of  attrition  from 
all  four  levels  simultaneous ly--tbe  aggregate  model.  Ia  presenting  the 
conclusions,  specifics  are  offered  and  the  care  apoken  of  in  Chapter  IV 
is  exercised  as  implications  are  drawn  for  both  the  classical  and  sub¬ 
jective  statistical  results.  Additionally,  recommendations  are  given. 
These  fall  under  one  of  two  categories,  recommendations  based  on  the 
findings  described  herein  and  recommendations  for  further  study  in  the 
area  of  attrition  from  universities,  the  latter  having  its  own  section. 
The  chapter  is  drawn  to  a  close  with  a  study  and  chapter  summary. 
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General 

The  result  of  applying  joint  product  production  theory  to  insti¬ 
tutional  output  for  universities  is  most  interesting.  It  is  strongly 
believed  that  the  results  are  sufficiently  positive  to  suggest  that  the 
sane  net  hod  be  put  forth  as  a  possible  way  of  researching  all  output  of 
a  university,  including  research  and  community  service.  Perhaps  such 
efforts  could  use  the  tri-level  output  measures  thesiselves  as  the  joint 
output  with  Vdrious  combinations  of  inputs,  following  the  exaaiples  of 
Chizmar  and  Zak  (1983).  But,  what  is  it  that  allows  one  to  conclude 
positive  results?  It  is  imperative  that  that  question  be  answered 
within  the  realm  of  the  classical  and  subjective  statistical  results 
respectively. 


Classical  Results 

One  of  the  most  striking  results  of  the  maximum  likelihood  esti- 

2  2 

mator  equations  is  the  value  of  the  adjusted  R  for  each  model.  (R  is 
defined  as  the  percentage  of  variation  "explained"  by  tbe  linear  re¬ 
lationship  depicted  in  the  model  developed.)  When  estisuting  the  number 

2 

of  students  who  will  drop  out,  tbe  adjusted  R  took  on  values  of  .92  for 
freshmen,  .90  for  sophomores,  .56  for  juniors,  .44  for  seniors,  and  .89 
when  calculated  on  the  aggregate.  When  the  estimation  is  accomplished 
for  the  number  of  students  who  finish  as  expressed  by  equation  l 16],  the 
alternative  equation  for  the  joint  product  output,  tbe  relationship 
exposed  in  (17']  is  numerically  derived  (see  Chapter  III)  but  tbe  ad¬ 
justed  R2  is  significantly  different  from  that  associated  with  the 
respective  equation.  The  adjusted  R  values  for  each  Nf  model  are 
presented  in  Appendix  H  along  with  the  statistical  information  for  the 
estimated  models.  R2  values  for  were  .992,  .995,  .990,  .998,  and 
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.996  for  the  freshman  through  aggregate  models  respectively. 

o 

All  of  these  R  values  are  for  models  which  are  "good  fit  models," 

statistically  speaking.  The  degree  of  statistical  significance  is 

determined  by  the  F  statistic  which  is  presented  as  a  part  of  the 

classical  results  in  the  tables  of  Appendix  H.  The  F  statistic  can  be 

2 

used  to  test  the  significance  of  the  R  value.  In  all  models,  the  F 

2 

value  was  large  enough  to  conclude  that  R  was  definitely  greater  than 

zero.  Strictly  speaking,  the  F  statistic  is  a  summary  test  of  the 

hypothesis  that  none  of  the  independent  variables  helps  to  explain  the 

variation  of  the  dependent  variable  about  its  mean.  In  other  words,  the 

F  statistic  tests  the  joint,  null  hypothesis  that  Pj  =  P2  =  •  •  •  Pg  = 

2 

0.  If  the  null  hypothesis  is  true,  one  would  expect  R  ,  and  therefore 

2 

F,  to  be  close  to  zero.  The  relatively  high  values  of  R  and  F  for  the 
developed  models  provide  rationale  for  rejecting  the  null  hypothesis  and 
concluding  stati atically  significant  models  with  one  or  more  p^  differ¬ 
ent  from  zero.  A  discussion  on  which  specific  inputs  are  statistically 
different  from  zero  is  reserved  for  the  next  section.  However,  the 
signs  of  the  coefficients  (positive  or  negative)  are  an  important  part 
of  the  classical  model  results. 

There  was  not  a  single  input  variable  which  maintained  a  con¬ 
sistently  positive  or  negative  sign  throughout  all  five  models.  All 
signs  from  each  of  the  models  sre  presented  in  Tsble  11.  As  equation 
(17' j  showed  esrlier,  ell  of  the  coefficient  signs,  except  that 
sssocieted  with  US,  ere  reversed;  i.e.,  if  the  sign  is  negative  in  Table 
11,  it  is  positive  for  the  equation;  but  of  identical  magnitude.  In 
examining  the  coefficient  signs  end  making  a  comparison  with  the  ex¬ 
pected  signs  aa  expressed  in  Chapter  IV,  it  is  essential  to  proceed  in  a 
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Table  11- 

-USAFA  Models’ 

Signs  of 

Coeff icients 

Model* 

Variable 

Freshaan 

Sophoaore 

Junior 

Senior 

Aggregate 

NS 

'♦ir-r 

■  wn~ 

--  (-y[+[  " 

SC 

(-)(*) 

(-)i-i 

(♦mi 

'♦)[♦) 

(+)[-) 

RS 

(-)(♦! 

<-)M 

(-)[-) 

(♦)!-) 

(*)[+) 

PH 

(*)(•) 

(-)[♦) 

(-)!♦) 

(-)[-] 

LD 

(♦)I-J 

(-)M 

(♦)[-) 

(-)[-) 

(-)M 

FQ 

(-)(o) 

(-)[o) 

(♦)[£>) 

(♦)[0) 

(-)IOJ 

FE 

<♦)!-) 

(♦)(♦) 

(-)(-) 

(-)!-) 

(♦)(♦) 

SF 

(+>[0) 

(♦)|0) 

(-) 10) 

(-)loj 

(+)|0J 

*For  ease  of  interpretation,  the  MLE  sign  is  included  in  (parentheses) 
and  the  prior  opinions  sign  is  in  [brackets).  The  signs  on  the  sub¬ 
jective  posterior  coefficients  depend  on  the  weighting  ( )  used.  See 
Tables  31  and  32  in  Appendix  H. 
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coefficient  by  coefficient  manner  in  conjunction  with  the  magnitude  (how 
large  in  a  positive  or  negative  direction)  of  each  coefficient.  Such  a 
step  by  step  comparison  follows  in  the  Subjective  section. 

Subjective  Results 

An  astute  observer  of  the  traditional  numerical  results  alone  may 
conclude  that  only  one  or  two  input  coefficients  are  statistically 
different  from  zero.  However,  such  a  statement  implies  some  standard 
level  o i  statistical  sign! f icance-'usual ly  5  percent.  Subjective  econo¬ 
metrics  takes  an  altogether  different  view  of  the  hypothesis  testing 
routine. 1  Basically,  all  coefficients  become  statistically  significant 
at  some  level  of  willingness  to  accept  the  fact  that  the  null  hypothesis 
was  incorrectly  rejected.  (See  Appendix  I  for  an  indepth  explanation  of 
Type  I  and  Type  II  errors  along  with  a  definition  and  explanation  of  the 
power  function.)  But  in  accepting  the  fact  that  the  null  hypothesis  was 
incorrectly  rejected,  the  power  of  the  test  is  increased. 

If  the  researcher  did  not  have  strong  a  priori  thoughts  or  opinions 
about  the  variables  included  in  his  model,  he  wouid  not  include  them 

It  is  neither  surprising  nor  unwarranted  that  a  large 
informative  sample  leads  to  the  rejection  of  the  hypothesis 
One,  in  those  circumstances,  should  trouble  himself  not  with 
the  results  of  classicsl  hypothesis  testing  but  rather  with 
the  question  of  why  he  bothered  to  test  a  false  hypothesis  in 
the  first  place.  As  it  turns  out,  hypothesis  testing  does 
have  some  validity,  even  when  a  restriction  is  practically 
certain  to  be  false.  ...  we  are  thus  concerned  with  situ¬ 
ations  in  which  classical  hypothesis  testing  has  an  unambigu¬ 
ously  legitimate  function. 

(Learner,  1978,  pp.  89-901 

Model  specification  is  itself,  then,  often  subjective  by  nature.  More 
specifically  the  coefficient  values  themselves  are  declared  statisti¬ 
cally  significant  based  on  a  subjective  willingness  to  accept  a  larger 


Type  I  error.  With  that  brief  introduction  to  the  importance  pf  sub¬ 
jectivity,  implicit  in  classical  analysis,  the  step  by  step  review  of 
coefficient  values  and  signs  can  be  accomplished. 

The  coefficient  sign  attendant  NS  appeared  positive,  as  expected, 
in  four  of  the  five  models.  The  fifth  model  was  for  the  senior  year. 

It  is  of  importance  to  note  that  the  senior  NS  coefficient  is  the  only 
one  associated  with  NS  which  does  not  appear  statistically  significant, 
even  to  the  a  =  .40  level.  All  other  NS  coefficients  were  significant 
at  the  a  =  .05  level.  (The  conclusions,  as  they  apply  to  all  inputs, 
for  university  policy  imp  1 es*nlat i on  are  reserved  until  later  in  the 
chapter . ) 

The  sign  of  the  SC  coefficient  was  not  as  consistent  as  that  of  NS 
nor  was  it  consistent  with  the  expected  negative  sign.  It  only  appeared 
negative  in  the  freshman  and  sophomore  models  but  neither  of  those  two 
coefficients  was  statistically  significant  at  any  level  to  o  s  .40.  All 
three  positive  signs  appeared  with  coefficient  values  which  were  sta¬ 
tistically  significant  to  some  specified  level.  The  interpretation  of 
the  positive  sign  is  that  an  increase  of  1000  points  in  class  SC  will 
result  in  a  significant  (217-298)  increase  in  N^ ,  or  equivalently, 
approximately  20-30%  of  the  increase  in  SC;  i.e.,  if  SC  increases  by  ten 
points  while  all  other  inputs  are  held  constant,  two  or  three  more 
students  will  drop  from  that  class  with  the  ten  points  higher  SC,  some¬ 
time  during  the  junior  or  senior  year. 

RS  produced  coefficients  which  were  more  frequently  opposite  in 
sign  to  that  expected.  Four  of  the  five  were  negative  with  three  of 
those  four  being  significantly  different  from  zero.  The  senior  model 
had  a  aignificantly  poaitive  aign  while  the  freshman  model  appeared 
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insignificantly  negative.  In  words,  an  increase  in  RS  should  theoreti¬ 
cally  result  in  a  decrease  in  N^ ,  by  approximately  13-28%  of  the  RS 
increase . 

As  previously  indicated,  PH,  LD,  and  FQ  coefficient  signs  could 
justifiably  be  expected  to  be  either  positive  or  negative.  In  the  case 
of  PH,  lour  of  the  five  parameter  values  were  negative  with  three  of 
them  being  statist ical ly  significant  at  a  -  .40.  The  junior  model 
parameter  was  the  negative,  insignificant  one  while  the  sophomore  model 
produced  a  positive  hut  insignificant  coefficient.  Neither  LD  nor  FQ 
exhibited  much  in  the  way  of  statistical  contribution  to  the  model. 
However,  the  FQ  coefficient  was  signi f leant ly  negative  in  both  the 
sophomore  and  aggregate  models  with  a  specified  a  =  .20.  As  for  the  FQ 
contribution  to  the  model,  a  one  percent  increase  in  FQ  should  result  in 
a  decrease  of  3-4  persons  in  the  dependent  variable. 

Both  FK  and  .SF  coefficients  were  expected  to  have  positive  signs, 
and  in  three  of  the  five  models,  both  had  positive  signs.  The  negative 
parameter  values  occurred  ui  the  junior  and  senior  models  for  both 
variables.  The  most  notable  difference  between  the  two  variables  is  the 
consistent  statistical  importance  of  FE  and  the  lack  of  such  consistency 
in  SF.  The  significance  of  the  FE  coefficient  creates  a  situation  which 
could  hr  termed  paradoxical.  That  is,  an  icorease  in  FE  by  one  year 
will,  in  theory  at  least,  result  in  incressed  by  14-23  students 
during  the  freshman  and  sophomore  years.  However,  that  same  increase  in 
FE  results  in  a  decreased  of  7-16  students  during  the  junior  and 
senior  years.  The  inferences  for  USAFA  policy  of  such  a  paradoxical 
situation  are  reserved  for  the  subsequent  section  on  USAFA  Conclusions. 
The  SF  coefficient  was  found  to  be  significant  at  or  ~  .20  in  the 
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sophomore  model  and  at  a  =  .40  in  the  aggregate  model.  An  increase  of 

the  SF  ratio  by  one,  i.e.,  fro*  10:1  to  11:1,  will  theoretically  result 

in  an  increase  of  2-6  N.  students. 

d 

All  subjective  posterior  coefficient  estimates  are  in  agreement 
with  the  preceding  paragraphs  on  the  subjective  interpretation  of 
classical  results.  (See  Table  31  in  Appendix  H  for  posterior  parameter 
est  mates . ) 

The  major  hypothesis  tested  in  this  dissertation  was  stated  as 
being  an  empirical  test  of  the  joint  product  methodology  put  forth. 
Although  no  comparison  was  made  between  the  joint  product  output  as 
defined  herein  and  a  single  output  equation,  the  results  of  the  joint 
models  are  statistically  positive  enough  to  conclude  sound  a*thodology. 

A  comparison  is  not  required  directly.  The  literature  reviewed  in 
Chapter  II  showed  that  a  university's  output  is  multi-product.  The 
major  hypothesis  here  was  that  a  joint  product  production  function  would 
satisfactorily  measure  the  joint  products.  The  results  are  sufficiently 
meaningful  in  that  every  model  developed  proved  to  have  variables  in 
each  of  the  three  specific  areas  studied,  scale  of  operations,  student 
characteristics,  and  university  or  institutional  characteristics  which 
were  statistically  significant  contributors  to  the  model  developsM>nt . 

Conclusions  other  than  the  major  one  already  stated  are  for  the 
specific  data  sets  and  are  covered  under  their  respective  areas  which 
follow  here. 


USAFA  Conclusions 

In  every  one  of  the  five  models  developed  and  particularly  in  the 
aggregate  model,  NS,  representing  the  scale  of  operations  for  the  Air 
Force  Academy,  was  found  to  be  statistically  significant.  (See  Table 


12. )  Thu*  fro*  the  standpoint  of  policy  with  respect  to  current  enroll' 
sent  levels,  the  muaber  of  students  enrolled  is  of  ststistical  im¬ 
portance  in  its  effect  upon  the  number  of  studnents  who  drop.  In  an 
effort  to  determine  the  extent  and  direction  of  that  significance,  a 

2 

classical  regression  representing  a  cubical  parabola  was  accomplished. 

A  general  graphic  presentation  of  the  USAFA  models,  using  the  cubical 
parabolic  form  is  presented  in  Figure  9.  The  data  reflect  that  there 
exists  some  local  minimum  and  maximum  N^  for  a  specified  NS  level.  To 
precisely  locate  NS  where  the  local  minimum  and  maximum  occur,  the  first 
partial  derivative  of  the  N^  cubical  equation  was  calculated  with  re¬ 
spect  to  NS.  The  results,  after  checking  to  confirm  whether  each  root 
was  a  minimum  or  maximum,  for  each  SK>del  are  presented  as  part  of  Table 

13. 

When  compared  to  the  actual  number  of  students  who  have  histori¬ 
cally  been  admitted  to  the  Academy  (the  last  row  of  Table  13),  the  in¬ 
itial  conclusion  is  that  the  scale  of  operations,  with  regard  to  the 


Figure  9.  Typical  Cubical  Parabola  for  USAFA  Data 


Table  12-*Statistical  Significance  of  USAFA  Coefficients 


Variable 

F  reshaan 

Sophoaore 

Junior 

Senior  t 

Iggreg. 

NS 

.95 

•  95 

.95 

.95* 

.95 

SC 

.60 

.95 

.60 

RS 

.60 

95 

.60 

.90 

PH 

.60 

.60 

.60 

U) 

.60 

FQ 

.60 

.80 

.80 

FE 

.95 

.90 

.80 

.80 

SF 

.80 

.60 

aThis  significance  is  for  the  equation. 


Table  13--NS  Values  Where  N,  is  at  a  Local  Minimum  or  Maxiaua 

a 


NS* 

Freshman 

Sophoaore 

Junior 

Senior 

Aggregate 

Minimum 

.37 

.33 

.39 

.27 

2.67 

Maxiaua 

l.UU 

-3 .  A1 

.93 

.67 

6.18 

Historical 

Average 

1.116 

.909 

.792 

.718 

3.697 

g 

NS  is  presented  in 

thousands . 
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number  of  cadets,  has  heen  excessively  large,  i.e.,  NS  was  at  a  point 
where  the  resulting  N^  was  greater  than  the  local  minimum.  Thus  NS  was, 
in  elfect,  contributing  to  attrition.  Table  13  also  indicates  that  when 
the  total  Academy  (aggregate)  NS  reaches  6180,  the  local  maximum  N^  will 
be  reached  and  as  NS  grows  beyond  that  point,  N^  would  theoretically 
start  a  decline.  Caution  must  be  exercised,  however,  because  that  scale 
of  operations  in  the  cubical  equation  has  never  been  experienced  and 
thus  lies  outside  the  parameters  for  safe  extrapolation. 

The  key  to  the  overall  effect  of  scale  on  attrition  is  in  the 
explicit  academy  goal  (as  previously  established  in  Chapter  1)  to  pro¬ 
duce  1000  graduates.  The  cubical  model  for  seniors  indicates  that  N^ 
for  seniors  will  be  extremely  low  when  1000  or  more  cadets  begin  the 
senior  year  Of  course,  students  have  to  complete  the  first  three  years 
to  enter  the  fourth,  but  once  the  attrition  rates  are  theoretically 
known  for  seniors,  each  respective  prior  level  model  can  in  turn  be 
developed  and  ultimately  the  optimum  scale  of  operations  derived  for  the 
initial  freshman  entering  class.  When  used  in  conjunction  with  the 
a> a demy  goals  in  that  fashion,  it  is  concluded  that  the  scale  of  oper¬ 
ations  is  loo  small,  both  for  attrition  and  for  the  goal. 

Of  the  four  class  characteristics  measured,  the  most  important 
discovery  dealt  with  the  range  of  scores  from  the  college  entrance 
examination  for  each  class  entering  the  institution  (RS).  The  im¬ 
portance  of  that  variable  input  is  in  the  sign  attached  to  the  coef¬ 
ficient.  As  shown  in  Table  11,  in  all  of  the  models  developed  except 
the  senior  model,  the  RS  coefficient  took  on  a  negative  (-)  sign  in  the 
drop  (N^)  equation.  That  means  if  the  academy  admissions  policy  allows 
increases  in  the  range  of  score  for  any  given  entering  class  over  the  RS 
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for  another  class  with  comparable  characterist ics ,  the  class  with  the 
greater  range  is  less  likely  to  have  a  greater  number  of  students  quit 
at  every  step  along  the  four  year  university  ladder  to  an  undergraduate 
degree.  In  other  words,  the  more  heterogeneous  (as  measured  by  a  larger 
RS)  a  given  class  is  as  it  enters  school,  the  more  likely  it  is  to  have 
a  higher  percentage  of  the  entering  class  complete.  The  negative  sign 
is  contrary  to  the  expected  positive  sign  as  previously  expressed  in 
Chapter  IV.  Therefore,  it  is  acknowledged  that  the  exposed  effect  of 
RS  on  N,  is  counterintuitive. 

a 

Given  that  heterogeneity  quality,  it  then  becos^s  critical  to  ex¬ 
amine  the  effect  of  the  magnitude  of  coefficient  values  of  the  remainder 
of  class-characteristic  variables  in  conjunction  with  the  signs  attached 
to  the  respective  coefficients.  Of  the  reauining  three  class-charac¬ 
teristic  variables,  the  most  significant  was  score  (SC).  The  positive 
(+)  sign  attached  to  the  aggregate  level  coefficient  of  the  equation, 
theoretically  indicates  that  if  the  overall  entering  class  SC  were  in¬ 
creased,  the  nua&er  of  students  who  quit  the  acadesty  would  also  in¬ 
crease.  Of  course,  this  result  is  contrary  to  reason,  to  the  expected 
sign  of  the  coefficient  attached  to  SC,  and  to  the  desires  of  a  uni¬ 
versity  to  admit  better  academically  prepared  classes.  However,  it 
does  provide  some  evidence  in  support  of  the  finding  of  Iffert  (1958) 
that  30. 5%  of  those  in  the  top  fifth  of  their  high  school  class  and  who 
go  on  to  college,  drop.  (See  Appendix  B  for  a  review  of  the  Iffert 
study.)  This  finding  also  agrees  with  Cope  and  Hannah  (1975,  pp.  104-5) 
where  they  stress  other  factors  besides  high  SAT  or  ACT  scores  for 
college  admission.  In  addition,  the  negative  coefficients  on  the  fresh¬ 
man  and  sophomore  models  theoretically  indicate  that  a  decrease  in  SC 
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will  result  in  increased  during  those  two  years  and  fewer  in  the 
junior  and  senior  years.  This  has  the  effect  of  having  dropouts  occur 
earlier  in  the  program  and  thus  keeping  cost  per  dropout  lover  than  if 
they  drop  ss  juniors  or  seniors. 

Thus,  entrance  exam  scores,  as  Measured  by  the  entering  class 
average  SAT  or  SAT-equi valent  score,  can  be  predictive,  not  of  the 
individual's  dropout  behavior  but  of  the  overall  class  dropout  behavior. 
However,  the  most  important  aspect  of  SC  cooes  when  its  conclusions  are 
combined  with  those  of  RS  previously  described.  The  results  of  the 
USAFA  data  study  indicate  that  a  class  which  enters  school  with  a  lower 
class  aean  on  the  college  entrance  exams  and  which  is  not  quite  so 
closely  grouped,  or  more  heterogeneous,  as  Measured  by  the  range  of 
scores  on  the  same  examination ,  will  likely  lose  fewer  students  to 
attrition . 

The  other  two  class-characteristic  variables  lag  somewhat  behind  RS 
and  SC  for  explanatory  power.  The  physical  (PH)  measure  provides  pre¬ 
dominantly  the  same  results  as  those  just  described  for  SC  in  the  fresh¬ 
man  model.  An  increase  in  the  class  level  of  achievea^nt  in  PH  is  most 
likely  to  result  in  a  decrease  in  the  muaber  of  students  who  fall  by  the 
wayside  and  drop  out  of  the  academy  during  the  freshman,  junior,  and 
senior  years.  The  sophomore  year  is  an  exception  but  is  insignificant. 
However,  the  leadership  (LD)  variable,  with  a  positive  (+)  sign  attached 
to  the  freshman  model  coefficient,  is  theoretically  interpreted  that  an 
increase  in  the  class  average  LD  score  will  result  in  an  increase  in  the 
number  of  dropouts  from  that  class  in  the  freshaMn  year.  Temper  that 
with  the  fact  that  all  other  LD  KLE  coefficients  are  not  statistically 
different  from  aero  and  two  of  the  three  elicited  expert  opinions 
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specified  that  LD  as  an  input  has  no  effect  upon  the  number  of  students 
who  will  finish.  Certainly  from  a  policy  point  of  view,  LD  implicitly 
appears  as  one  of  the  least  significant  of  the  class  characteristic 
input  variables  in  the  aggregate  model. 

Of  the  three  variables  representing  the  institutional  inputs  of  the 
educational  production  functions,  faculty  quality,  faculty  experience, 
and  student-faculty  ratio.  Table  12  and  the  stepwise  regression  pro¬ 
cedure  both  indicate  that  faculty  experience  is  the  one  having  the  awst 
effect  upon  retention  of  students  in  the  academy  environment.  When 
looking  at  the  freshman,  sophomore  and  aggregate  models,  fewer  students 
are  likely  to  drop  from  school  during  the  years  when  faculty  experience 
is  lowest.  Because  the  measurement  of  the  FE  variable  was  defined  as 
"years  of  military  experience,"  the  interpretation  of  the  signs  (Table 
11)  on  the  coefficient  attached  to  FE  is  that  freshman  and  sophoaiore 
students  relate  better  to  more  contemporary  junior  officers.  As  the 
experience  level  of  the  faculty  at  the  USAFA  increases,  the  numbers  of 
freshmen  and  sophomores  who  drop  will  increase  also.  This  is  a  meaning¬ 
ful  argument  for  a  policy  of  using  military  professors  with  less  mili¬ 
tary  experience,  and/or  a  more  collegiate  orientation  in  the  lower  di¬ 
vision  courses  most  likely  taken  by  freshmen  and  sophomores.  However, 
lowering  FE  has  the  effect  of  increasing  among  juniors  and  seniors, 
so  the  same  policy  paradox  occurs  when  treating  FE  as  already  discussed 
in  SC.  By  increasing  FE,  more  freshmen  and  sophomores  but  fewer  juniors 
and  seniors  will  drop.  The  cost  per  dropout  may  be  reduced  by  having 
more  cadets  drop  during  the  early  years  and  fewer  during  the  latter. 

The  last  variable  input  measured,  student-faculty  ratio  (SF),  did 
not  emerge  as  a  very  important  factor.  A*  Table  11  shova,  an  increase 
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in  the  SF  way  be  detrimental  to  retention  rates,  particularly  in  the 
early  years  where  the  most  significant  SF  coefficient  occurs  for  the 
sophomore  model.  The  aggregate  model,  though  not  as  statistically  sig¬ 
nificant,  supports  the  conclusion.  The  negative  signs  which  do  appear 
are  not  of  statistical  importance.  Therefore,  smaller  student - f acul ty 
ratios  are  likely  to  result  in  decreases  in  the  number  of  students  who 
drop . 

Based  on  all  of  these  findings,  it  is  concluded  that  the  joint 
product  educational  production  function  is  a  valid  method  for  measuring 
output  at  the  USAFA,  particularly  as  that  output  applies  to  educated 
graduates  and  educated  nongraduates.  The  models  indicate  that  the  most 
profitable  areas  for  change  in  attrition  arc  the  scale  of  operations, 
faculty  experience,  and  two  of  the  class  characteristics,  SC  and  RS.  An 
increase  in  scale  of  more  heterogeneous  students  with  a  corresponding 
increase  in  faculty,  i.e.,  SF  ratio  constant  or  declining  slightly, 
could  theoretically  result  in  reducing  attrition  and  subsequently  re¬ 
ducing  the  cost  per  graduate  at  the  USAFA.  More  heterogeneous  inputs 
should  be  encouraged  and  where  possible,  the  more  diverse  group  of 
students  should  be  evidenced  by  greater  spread  at  the  lower  end  of  the 
spectrum  whether  that  be  for  college  entrance  exam  scores,  a  physical 
conditioning  measure,  or  any  other  measure  used  for  student  admittance 
criterion.  It  is  reemphasized  here  that  such  institutional  changes 
will  not  insure  the  completion  and  graduation  by  a  given  student  but  the 
overall  completion  rate  can  be  improved. 

UofU,MBA  Cone lua ions 

It  was  previously  stated  that  the  data  for  the  UofU.MBA  program 
would  be  presented  primarily  for  descriptive  purposes.  The  primary 
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reason  la  the  obvious  lack  of  data.  Table  10  in  Chapter  IV  presented 

the  data.  Table  14  is  a  presentation  of  the  results  of  performing  the 

aforesMntioned  statistical  routines.  The  results  which  are  most 

2 

obvious  are  the  relatively  high  R  value  with  its  attendant  F-value,  a 
statistically  significant  negative  coefficient  with  score  (SC),  and  the 
extremely  important  part  which  the  average  age  (AA)  plays  in  helping  to 
explain  the  variation  of  the  nuart>er  of  students  who  drop.  Contrary  to 
the  USAFA  results,  the  scale  of  oeprations  does  not  have  a  significant 
effect. 

Of  the  two  significant  inputs,  AA  appears  more  Important.  It 
appears  that  a  younger  class  will  have  a  better  opportunity  to  cosq>lete 
a  higher  percentage  of  the  enrolled  students.  One  possible  explanation 
is  that  older  students  (if  they  could  be  specifically  identified  as  the 
dropouts)  may  enroll  in  the  two-year  MBA  course  of  study  only  to  improve 


Table  14— UofU.MBA  Results  (Nj) 


Variables 

MU 

Coefficient 

(SE) 

Prior 

Opinion 

Posterior 

Coeff icient 
*  ■»» 

NS 

- . 0689 
(  274) 

-.0003 

-.0682 

SC 

-.2633 

(071) 

-.0600 

-.2613 

RS 

-.0165 

(.029) 

.0569 

-.0157 

AA 

13.2704 

(3.961) 

3.4250 

13.173 

R2 

.924 

SKE 

4.196 

F-value 

12.155 

Durbin-Watsoa 

2.626 
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their  knowledge  of  business  snd  not  with  the  express  goal  of  graduation, 
whereas,  the  younger  students  right  out  of  undergraduate  school  stay  be 
attempting  to  improve  job  opportunities  and  are  thus  aw>re  intent  on 
completing  the  coursework. 

SC  is  also  a  significant  factor,  and  the  negative  sign  is  store  in 
consonance  with  the  sign  one  would  expect  on  SC.  That  is,  the  sign 
indicates  that  an  increase  in  the  class  average  score,  as  previously 
defined  in  Chapter  IV,  will  theoretically  result  in  fewer  students 
quitting.  The  difference  between  the  two  data  sets  for  this  coefficient 
sign  could  logically  be  explained  by  the  hypothetical  belief  that  aca¬ 
demic  achievement  as  measured  by  the  respective  SC  is  more  important  to 
a  graduate  program  than  to  an  undergraduate  one. 

Based  on  these  results,  which  are  in  turn  based  on  few  data  points, 
the  University  of  Utah  NBA  school  can  theoretically  reduce  the  number  of 
students  quitting  the  program  by  seeking  to  have  younger,  more  academi- 
cally  prepared  students  enter  the  two-year  program. 

Recommendations  for  Further  Research 

The  recommendations  for  further  research  which  have  evolved  from 
the  results  of  the  data  study  of  this  dissertation  and  from  questions 
encountered  during  the  research  phase,  basically  fit  into  four  catego¬ 
ries.  The  first  two  are  general  in  nature  and  could  logically  be  stud¬ 
ied  at  any  university  or  college.  The  third  area  applies  to  the  study 
of  universities  which  fit  into  a  certain  category— those  which  screen 
candidates  and  recruit  students.  The  final  area  applies  to  service 
academies  in  genersl  and  the  United  States  Air  Force  Academy  specifi¬ 
cally. 

The  results  of  the  two  data  sets  are  sufficient  to  warrant  further 


119 


testing  and  application  of  the  joint  product  educational  production 
functions  for  colleges  and  universities.  It  is  recommended  that  such 
testing,  paralleling  that  used  herein,  be  accomplished  at  a  larger, 
state  operated  university.  It  is  also  recommended  that  future  studies 
explore  the  feasibility  of  using  other  indices  of  output  measurement, 
including  those  previously  mentioned:  credit  hours  completed,  grade- 
point-averagr ,  a  combination  such  as  credit  hours  times  grade-point- 
average,  or  number  of  students  (finishing  vs.  dropping)  times  grade- 
point-average  times  credit  hours.  Any  one  of  these  measures  appears 
warranted  because  of  the  emphasis  placed  upon  them  by  the  colleges  and 
universities  in  the  United  States  as  well  as  that  placed  by  potential 
employers  as  they  examine  college  records  of  applicants.  Such  studies 
performed  should  provide  valuable  information  to  any  university  which  is 
concerned  with  reducing  attrition. 

A  further  recommendation  applies  to  any  university  which  can  afford 
the  luxury  of  recruiting  or  screening  applicants  for  admission.  Ex¬ 
plicit  cost  functions  need  to  be  developed  for  the  recruiting/screening 
process  in  such  a  fashion  that  the  magnitude  of  resources  saved  through 
enlarging  the  recruiting  process  can  be  readily  determined.  This  will 
result  in  admitting  students  with  more  desirable  class  characteristics, 
thus  reducing  attrition  and  ultimately  the  cost  to  the  school,  the 
student,  and  other  parties  actively  involved  with  the  higher  educational 
process.  The  time,  if  not  already  here,  is  rapidly  approaching  when 
many  applicants,  even  though  highly  desirous,  will  not  be  afforded 
college  educational  opportunities  due  to  the  lack  of  secondary  school 
preparation.  Increasing  the  scope  of  the  recruiting/ screening  process 
can  be  most  profitable  under  aucb  circumstances. 
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Personnel  at  the  USAFA  should  closely  examine  the  political 
processes  involved  in  admitting  students  to  the  Academy.  As  it  was 
emphasized  in  Chapter  II,  many  different  student  characteristics  are 
measurable  and  yet  historical  studies  provide  no  basis  for  determining 
whether  or  not  a  specific  student,  given  certain  characteristics,  will 
persist  to  graduation.  Therefore,  admission  processes  must  be  such  that 
those  applicants  who  contribute  most  to  the  critcal  class  character¬ 
istics  which  are  indicative  of  a  lower  attrition  rate  be  given  every 
opportunity  to  attend  the  USAFA. 


Study  Suiisna  ry 

This  dissertation  examined  attrition  at  universities  using  a  joint 
product  educational  production  function.  Data  sets  from  two  sources 
were  examined  using  subjective  statistical  analysis  techniques  in  an 
attempt  to  discover  the  validity  of  the  joint  product  methodology  as 
well  as  highlighting  which  if  any  of  the  input  variables  used  were 
critical  in  light  of  attrition  rates  at  universities.  The  United  States 
Air  Force  Academy  was  used  as  a  primary  source  of  data.  The  variables 
employed  were  grouped  so  as  to  measure  the  scale  of  operations,  input 
characteristics  of  the  particular  group  of  students  attending  the  uni¬ 
versity,  and  technology  of  the  institution  itself.  All  inputs  were 
macro  in  that  the  esqihasis  was  not  on  a  given  student,  but  rather  on  the 
group  to  which  the  student  belonged. 

Chapter  II  presented  a  detailed  review  of  the  literature  and  the 
work  which  has  been  accomplished  on  attrition  and  on  the  use  of  edu¬ 
cational  production  functions.  This  effort,  in  effect,  merges  the  two 
portions  of  literature.  Chapter  III  presented  a  step  by  step  develop¬ 
ment  of  the  theory  of  joint  product.  And,  because  the  joint  output  waa 
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selected  to  be  educated  finishers  and  educated  dropouts  with  the  total 
nuaber  of  entering  students  as  an  input,  the  explicit  joint  product 
functions  became  single  with  the  impl  icit  joint  product  function  not 
being  directly  estiauted  in  this  dissertation.  Chapter  III  also  out¬ 
lined  the  specific  s*thods  employed  while  Chapter  IV  described  the  data 
from  the  United  States  Air  Force  Academy  and  the  University  of  Utah, 
two-year  Master  of  Business  Administration  program.  A  unique  feature  of 
Chapter  IV  is  in  the  analyses  where  subjective,  Bayesian  econometrics  is 
applied  for  tbe  first  time  to  educational  production  functions.  One 
interesting  facet  of  that  technique  is  the  process  called  elicitation 
which  is  further  developed  in  Appendix  A.  This  chapter  has  been  a  pre¬ 
sentation  of  the  conclusions  reached  as  a  result  of  the  two  separate 
data  sets  studied.  Increasing  the  number  of  entering  students,  par¬ 
ticularly  in  such  a  fashion  that  a  more  heterogeneous  class  of  students 
is  enrolled,  the  data  indicate  that  nua&ers  of  educated  dropouts  can  be 
significantly  reduced  as  a  proportion  of  those  attending  the  academy. 

In  addition,  an  increase  in  faculty  experience,  though  having  an  adverse 
effect  upon  freshman  and  sophoaiores,  could  be  a  cost-per-dropout-savings 
factor  in  that  fewer  juniors  and  seniors  would  quit. 

The  UofU.MBA  data  revealed  that  age  has  a  positive  effect  on  the 
nua&er  of  students  who  drop  from  that  graduate  program.  And,  the  level 
of  academic  achievetMnt  appears  to  be  sure  significant  for  graduate 
program  retention  than  for  undergraduate  programs. 

The  overall  results  were  sufficiently  positive  to  indicate  that 
attrition  can  be  successfully  examined  using  joint  product  production 
functions  and  it  is  recommended  that  major  follow-on  studies  be  under¬ 


taken. 
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N otes  to  C hap ter _V 


1.  In  Edward  E.  Leaner,  Specification  Searchea,  New  York:  John 
Wiley  &  Sons,  1978,  87-131,  a  cosprehensi ve  view  of  the  subjective 
approach  to  hypothesis  testing  is  presented.  Soae  of  his  work  is  also 
included  in  Appendix  I.  See  Pindyck  and  Rubinfeld  (1981,  pp.  26-40)  for 
a  synopsis  ot  the  traditional  views  on  this  subject. 


2.  A  cubical  parabola  is  of  the  fons  Y  =  aX3  +  bX2  +  cX  ♦  d.  For 
the  purposes  of  this  dissertation,  N.  3  aNS3  ♦  bNS2  ♦  rNS  ♦  d  ♦  P-SC  ♦ 

0  RS  *  PUP H  *  0  LD  *  0  FQ  *  0-FE  ♦  0«SF.  All  eleeents  to  the  right  of 
cNS  are  considered  par?  of  the  intercept.  To  pinpoint  precisely  the 
location  of  the  intercept,  the  Bean  value  of  sample  inputs  can  be  used 
in  conjunction  with  the  respective  coefficient  and  susaed  over  all 
elements  contributing  to  the  intercept  value.  The  resultant  cubical 
parabola,  descriptive  over  the  relevant  range  of  the  acadeay  history, 
theoretically  provides  information  on  the  effect  of  scale  on  the  nuaber 
of  students  who  drop  (N^). 
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APPENDIX  A 


ON  ELICITATION1 

One  formal  way  of  developing  prior  opinions  about  the  parameters 
(coefficients)  of  a  model  is  to  ask  someone  who  is  in  the  know  about 
such  affairs  as  are  under  study.  These  are  the  'experts'  referred  to  in 
the  text.  But  when  dealing  with  multiple  coefficients  such  as  the  case 
of  multiple  regression  models,  it  is  extremely  difficult  for  an  expert 
to  express  opinions  directly  about  each  coefficient.  This  is  even  more 
of  a  problem  when  the  information  desired  is  about  the  distribution  of 
those  coefficients.  The  way  around  this  difficulty  lies  in  the  follow¬ 
ing  mathematical  relationships: 

(29!  E(Y|  Xj ,  X2,  .  .  .)  =  XjE0}  ♦  X2Ep2  +  .  .  .  , 

1 30)  V ( Y | Xj ,  X2,  X3,  .  .  .)  *  X21Vp]  ♦  X22Vp2  ♦  X23Vp3  ♦  .  .  .  t 

2X1x2c(p]02)  ♦  aXjXjCOjpj)  ♦ 

2x2x3(p2p3)  ♦  .  .  .  ♦  <72, 

where:  E  =  expected  value  (elicited  value  in  the  case  of  Y) 
fT  =  coefficients, 

V  =  variance, 

C  =  covariance, 

X^  =  exogeneous  variables, 

Y  =  endogenous  variable, 

and  the  information  sought  is  the  EfL  and  the  variance/covariance  matrix 
of  0. 
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A  staple  example  illustrates.  Suppose  a  system  under  study  has  two 
exogeneous  variables  and  one  endogeneous  variable. 

Using  the  relationships  above  yields: 

(31)  ECYlXj,  X2)  *  XjEPj  ♦  X2EP2, 

(32)  V ( Y |  Xj ,  X2)  =  X^VPj  ♦  X^VP2  ♦  2X1X2C01P2)  ♦  a2e. 

The  questions  asked  of  the  expert  are  of  the  fora:  "What  is  your  ex* 
pectation  of  Y  given  Xj  =  (soate  value)  and  X2  =  (aoae  value)?"  Two  auch 
questions,  when  answered,  provide  all  that  is  necessary  to  have  a  ao* 
lution  to  equation  (31],  but  how  about  (32)7  The  first  step  is  to  have 
the  expert  provide  variance  information,  i.e.,  Y  ±  r,  about  Y  as  the 

questions  are  being  asked.  So,  with  four  sets  of  quest  ions- bo  i-L  ! 31) 

and  (32)  could  be  solved.  However,  four  responses  provide  an  oppor¬ 
tunity  for  the  expert  to  becos*  incoherent  in  the  responses  offered. 

Because  it  is  difficult  for  an  expert  to  provide  estimates  on  the 
variance/covariance  of  the  p  terms,  several  possibilities  exist  as  a  so¬ 
lution  to  this  problem.  The  first  is  what  shall  be  called  "Leaser's 

2 

ellipse  of  all  possible  posterior  expectations."  The  second  is  to 

2 

assume  that  the  variance/covarisnce  matrix  =  0oI ;  i.e.,  all  covariance 

P 

terms  =  0.  If  that  is  the  case,  the  priors  model  can  be  made  condition- 
2 

al  on  O'  and  two  sets  of  questions  are  all  that  would  be  required  to 
provide  unique  solutions  to  both  [31)  and  (32).  Yet  a  third  possibility 
is  to  follow  the  procedures  outlined  by  Zellner  (1971,  pp.  41-53)  for 
specifiying  priors  to  represent  "knowing  little,"  one  of  the  most  diffi¬ 
cult  and  controversial  aspects  of  the  Bayesian  approach  to  inference. 
That  is  the  approach  used  for  the  prior  opinions  elicited  here.  (See 
Appendix  D  for  the  specific  methodology.) 


The  elicitation  questionnaires  used  for  both  the  USAFA  and  the 


Uofl!,NBA  are  included  for  reference. 


USAFA  Elicitation  Questionnaire 

I  am  doing  research  on  attrition,  through  the  use  of  an  educational 
production  function,  at  institutions  of  higher  learning.  Would  you 
please  take  a  few  moments  and  answer  the  following  hypothetical 
situation  questions  based  on  your  past  experience  with  the  educational 
process1  Your  answers  will  be  extremely  helpful  in  this  research 
effort.  An  example  of  the  desired  format  for  the  answer  along  with 
definitions  is  provided  before  the  situations  begin. 


Example : 


GIVEN: 

DEFINITION  OF  GIVEN: 

SCORE: 

1000 

The  graduating  class  ( G.C .)  average 
on  the  SAT  and  SAT  equivalent,  sum  of 
all  parts  for  the  whole  class  upon 
col  lege  entrance. 

RSCORE : 

950-1025 

Range  of  G.C.  scores  on  SAT  or  SAT 
equivalent,  upon  college  entrance. 

LDRSHIP: 

1600 

G.C.  Ave.  of  the  leadership  measure. 

PHYSICAL: 

500 

G.C.  Ave.  of  the  physical  a^asure. 

NS: 

1000 

Number  of  students  beginning  school 
with  the  G.C. 

S/F: 

8 

Ave.  student-faculty  ratio  for  the 
four  years  the  G.C.  is  at  the 

Academy. 

F/Q: 

30 

Faculty  quality  as  measured  by  the 
percent  of  faculty  who  have  a  Ph.D. 
degree.  Averaged  over  the  four  years 
G.C.  it  at  the  Academy. 

EF: 

8 

Experience  of  faculty- -awasured  in 

year*  of  military  service.  Averaged 
over  the  four  years  the  C.C.  is  at 
the  Academy. 
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YOUR  The  number  of  students  you  would 

RF.SPONSF.S:  expect  to  complete  each  year  at  the 

Academy,  given  the  characteristics 
specified  above. 


FIRST 

8S0 

plus  or 

SECOND 

750  plus 

or 

YEAR : 

minus  10 

YEAR: 

minus  10 

THIRD 

700 

plus  or 

GRAD: 

675  plus 

or 

YEAR : 

minus  8 

minus  8 

The  plus  or 

minus 

has  the 

follow 

Tng  meaning: 

The  range  calcu- 

lated  by  taking 

two  times  the 

stated 

plus  or  minus 

value  captures  the 

actual  number  of 

students  you 

expect 

to  complete  each  year 

and  subse- 

quenlly  graduate 

,  (given  those 

characteristics,)  with  95%  accuracy; 

1  .  e  .  ,  you  expect 

to  be 

accurate  95%  of  the  time  when  specifying 

that 

b59-691  of  a  class  with 

those 

characteristics  will 

graduate 

SITUATION 

01 

02 

03 

04  05 

06 

07 

08 

SCORE : 

1180 

1225 

1200 

1210  1220 

1200 

1250 

1235 

LDRSHP : 

1600 

1500 

1450 

1800  1700 

1775 

1500 

1625 

G  PHYSICAL. 

1 

500 

350 

625 

550  600 

750 

650 

575 

l 

V  NS : 

c 

1000 

1100 

1400 

1200  1250 

1150 

1300 

1325 

t 

N  S/F: 

7 

7.5 

8 

15  6 

7 

8 

10 

F/Q: 

201 

20% 

20% 

40%  35% 

30% 

30% 

33% 

EF: 

8 

9 

10 

9.5  11 

7 

8 

8.5 

RSCORE : 

800 

725 

740 

680  t>95 

710 

750 

700 

YOUR 

RESPONSES: 
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FIRST 

YEAR: 

SECOND 

YEAR: 

THIRD 

YEAR. 

GRAD: 

Arc  there  any  variables  which  you  feel  are  irrelevant  in  every 
situation''  If  so,  which  ones? 

Thank  you  for  your  time  and  effort  in  answering  these  questions. 

UofU^NBA  Elicitation  Questionnaire 
I  an  doing  research  on  attrition,  through  the  use  of  an  educational 
production  fund  .on,  at  institutions  of  higher  learning.  Would  you 
please  take  a  few  nonents  and  answer  the  following  hypothetical  situ¬ 
ation  questions  based  on  your  past  experience  with  the  educational 
process?  Your  answers  will  be  extrenely  helpful  in  this  research 
effort.  An  exaaq>lr  of  the  desired  fomat  for  the  answer  along  with 
definitions  is  provided  before  the  situations  begin. 


Example: 


GIVEN: 

SCORE.  1100 


AGE: 

23.5 

NS: 

50 

DEFINITION  OF  GIVEN: 

The  NBA  two-year  graduating  class 
(G.C. )  average  of  (GPA  x  200)  ♦  GNAT, 
upon  entering  the  NBA  program. 

Average  age  of  students  in  the  G.C. 
when  they  started  the  NBA  prograai. 

Number  of  students  beginning  school 
with  the  G.C. 


RS:  100  The  range  of  SCORE  for  an  entering 

class  figured  from  the  lowest  to  the 
highest  for  each  particular  class. 


1 
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YOUR  47  plus  or 

RESPONSE:  Minus  1  The  nuMber  of  students  you  would 

expect  to  graduate  fron  s  class 
having  the  characteristics  specified 
above . 

The  plus  or  Minus  has  the  following  Meaning:  The  range  calculated 
by  taking  two  tis*s  the  stated  plus  or  Minus  value  captures  the  actual 
nuaber  of  students  you  expect  to  actually  graduate,  (given  those  char¬ 
acteristics,)  with  95%  accuracy;  i.e.,  you  expect  to  be  accurate  95% 
of  the  time  when  specifying  that  45-49  of  a  class  with  those  character¬ 
istics  will  graduate. 


SITUATION 


#1 

#2 

#3 

#4 

SCORE: 

1200 

1050 

woo 

1150 

G 

AGE: 

22 

23 

23.5 

24 

I 

V 

NS: 

40 

50 

45 

48 

E 

N 

RS: 

100 

75 

80 

50 

YOUR 

RESPONSES: 

NUMBER  OF 
GRADUATES: 


Are  there  any  variables  which  you  feel  are  irrelevant  in  every 
situation?  If  so,  which  ones? 

Thank  you  for  your  tiMe  and  effort  in  answering  these  questions. 
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Summary 

These  elicitation  questionnaires  were  tendered  to  three  personnel 
involved  with  the  adaissions  process  at  the  USAFA  and  to  one  at  the 
UofU  respectively.  The  results  follow  in  Tables  IS  and  16. 
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Table  15--Results  of  USAFA  Elicitation 


-  --  —  —  —  - 

- -  - - 

- - - - - — 

- — - - - 

S i tuat ion 

N  for 
Expert  01 

N  for 

Expert  02 

N  for 
Expert  03 

1 

800 

800 

750 

700 

700 

650 

630 

650 

620 

620 

600 

600 

0 

800 

950 

891 

725 

875 

781 

675 

800 

748 

600 

775 

726 

3 

1200 

1300 

1064 

1100 

1200 

924 

1000 

1150 

882 

950 

900 

854 

4 

1050 

1100 

936 

950 

950 

816 

900 

850 

780 

850 

800 

756 

5 

1 100 

1150 

988 

1000 

950 

862 

900 

875 

825 

850 

825 

800 

6 

1075 

1000 

874 

1000 

900 

759 

900 

850 

725 

850 

800 

702 

7 

1150 

1200 

1105 

1050 

1050 

975 

950 

1050 

936 

900 

1000 

910 

8 

1170 

1200 

1100 

1050 

1100 

967 

950 

1000 

927 
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Table  16--Reaulta  of  UofU,MBA  Elicitation 


Nf  for 
Expert 


1  25 


Situation 


2  30 

3  20 


4 


32 


232 


Notes  to  Appendix  A 

1.  Much  of  the  aaterial  for  this  appendix  was  taken  froa  Joseph 
B.  Kadane ,  Jaaws  H.  Dickey,  Robert  L.  Winkler,  Wayne  S.  Saith,  and 
Stephen  C.  Peters,  "Interactive  Elicitation  of  Opinions  for  a  Normal 
Linear  Model,"  Journal  of  the  American  Statistical  Association,  Deceaber 
1980,  75,  845-54. 

2.  See  Edward  E.  Learner,  Specification  Searches,  New  York:  John 
Wiley  &  Sons,  Inc.,  1978,  127-9. 


APPENDIX  B 


MAJOR  STUDIES  IN  ATTRITI ION 

Some*  ol  the  major  studies  performed  on  attrition  were  previously 
referenced  in  Chapter  II.  They  are  addressed  here  in  greater  detail  to 
provide  a  teel  for  the  methodology  employed  as  well  as  support  for  the 
conclusions  on  university  attrition.  One  additional  study,  that  by 
Martin  Katzman,  is  also  included  here. 

Ast  in  (  1975  ) 

The  Ast in  Study  is  important  hec ause  it  is  one  of  the  first  on 
attrition  research  to  employ  longitudinal  design  (a  cross  section  of 
time  series  data  and  the  tracking  of  individual  students  over  several 
years)  and  utilize  more  than  one  institution.  Such  longitudinal  data 
make  possible  f he  comparison  ol  environmental  experiences  of  dropouts 
and  persisters  and  l  lie  use  of  a  variety  of  institutions  allows  exami¬ 
nation  of  the  possible  impact  of  institutional  characteristics.  The 
source  of  data  used  by  Ast in  was  243,15b  beginning  freshmen  students 
selected  at  random  from  S58  two-year  and  four-year  institutions  in  the 
fall  ot  19f>8.  The  follow-up  was  comprised  of  samples  of  100  students 
from  each  inst ilute--approximately  101,000  respondents-- in  the  late* 
summer  and  fall  of  1972.  Of  the  questionnaires  returned,  41,35b  were 
properly  completed  and  subsequently  used  in  the  study. 

The  Astm-used  reasons  for  dropping  out  of  college  were  previously 
presented  in  Chapter  II  in  Table  4.  His  major  conclusion  is  well 


represented  by  the  following  statement  and  Table  17  which  shows  the 
relationship  of  high  school  grades  to  subsequent  persistence  in  coll  ge 

The  most  "dropout  prone"  freshmen  are  those  with  poor 
academic  records  in  high  school,  low  aspirations,  poor  study 
habits,  relatively  uneducated  parents,  and  small  town  back¬ 
grounds.  Dropping  out  is  also  associated  with  being  older 
than  most  freshmen,  having  Prostestant  parents,  having  no 
current  religious  preference,  and  being  a  cigarette  smoker. 

.  .  .  By  far  the  greatest  predictive  factor  is  the  student's 
past  academic  record  and  academic  ability.  Next  in  importance 
are  the  student's  degree  plans  at  the  time  of  college  en¬ 
trance,  religious  preference,  followed  by  concern  about 
college  finances,  study  habits,  and  educational  attainment  of 
parents . 

(Astin,  1975,  pp.  45-60) 


Gustavus  (1972) 


The  significance  o f  the 

Gustavus  study 

is  in  the  attempt  to  intro- 

dute  student  success  as  an  ordinal 

concept  . 

This  concept 

is  depicted  i 

figure  10.  for  his  sample  he  used 

students 

at  Florida  State  University 

during  the  Winter  Quarter  - 

1970. 

He  defined  successful 

students  as 

persisters  for  four  straight 

years 

of  college;  readmitted 

students  as 

Table  1  ?'* - -Ke  1  a t  i unship 

Between 

i  Grades 

and  University 

Pers i si enc  e 

High  School 

Percentage  of  Students  Who 

Average  Grade 

Persist 

Stopout 

Dropout 

A  or  A+ 

87 

6 

7 

A- 

82 

7 

11 

B+ 

77 

8 

15 

B 

66 

1 1 

23 

B- 

b2 

13 

25 

C+ 

52 

13 

35 

c 

44 

13 

43 

Data  extracted  from  Astin,  Preventing  Students  from  Dropping  Out, 
Table  5 ,  p .  31 . 
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<  » 

Dropout  Readmitted  Nondropout 

(  I  ea s  t  St  udcnt  ( most 

successful!  sue (  os s  t  u  I  ) 

Figure  10.  Sprit  rum  for  Col  lege  Continuation 
tul  I  - 1  i  me  students  during  the  quarter  under  study  who  had  been  read* 
nutted  at  t  lie  beginning  of  that  quarter,  had  been  out  of  school  for  at 
least  one  quarter,  and  not  yet  received  a  collegiate  degree;  and  dropout 
students  as  undergraduates  who  had  withdrawn  formally  at  least  two  years 
previously  and  not  been  readmitted  to  any  university.  He  accomplished 
two  comparisons,  one  on  background  characteristics  and  one  on  academic 
motivation  and  vocational  commitment.  Kor  background  variables  he  used 
age  at  ma 1 1 i c u 1  a t i on ,  sex,  father's  occupation  score,  father's  edu- 
i at  ion,  mother's  education,  hometown  si/e,  jnd  high  school  grade  point 
average'.  In  this  first  comparison,  only  father's  educational  attainment 
was  found  to  exhibit  any  statistical  significance  to  the  degree  of 
success.  The  variables  tor  the  second  comparison  were  divided  between 
academic  and  Vocation  Aoidemo  motivation  included  student's  expressed 
attitude,  number  of  reported  hours  per  week  spent  studying  outside  of 
class,  and  student  plans  for  graduate  school,  while  vocational  commit¬ 
ment  used  two  variables,  whether  or  not  the  student  had  decided  on  a 
major  field  of  study  when  first  entering  college  and  the  number  of 
change's  made  in  academic  major. 

His  conclusions  can  be  grouped  into  three  basic  classes: 

1.  Very  few  differences  were  found  between  successful  students, 
readmitted  students,  and  dropouts  with  regard  to  background  character¬ 
istics. 


2.  For  lower  classes  (freshmen  and  sophomores),  readmitted 
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students  were  gene  i  •>  I  I  V  more  ac  ademi  i  .1 1  1  v  motivated  and  vocationally 
committed  t  ban  dropouts. 

t  For  upper  i  lasses,  the  same  trend  as  in  coni  'Ins  1011  2  was  ob¬ 
served  hut  the  readmitted  students  were  even  more  motivated  and  com¬ 
mitted  than  the  peisisting  students. 

Iffert  (  1 9 ri 8  ) 

As  w  1  t  h  the  A  s  t  in  study,  tills  report  has  already  received  a  great 
deal  id  d 1  si uss 1  oil  1 u  this  Chapter  II.  Iffert's  report  was  designed  to 
a.ldr  ess  three  separate  <piestioiis.  First,  what  is  the  college  dropout 
rate  in  relation  to  type  ot  institution,  economi  status  of  family, 
motivation  o(  student,  aiademii  performance,  amount  of  student  self- 
help,  part icipat ton  in  extracurricular  activities,  and  residence9 
Set  ond ,  what  are  the  reasons  for  changing  and  dropping  from  college? 
Third,  what  are  the  imp  1 1 c at  1 011s  tor  universities?  The  study  was  based 
on  records  and  reports  of  students  who  entered  college  as  full-time 
freshmen  111  the  fall  ot  lO'd). 

A  total  of  II, TOO  men  and  women  from  IVr  institutions  were  studied. 
Some  of  t  fie  findings  have  already  been  given.  Others  include: 

1  A  near  majority,  Tdi.11,,  of  the  dropouts  quit  school  before  the 
start  of  the  sei ond  year.  Another  2 1 . 0%  dropped  sometime  during  the 
second  year,  leaving  only  26. <1%  to  drop  during  the  last  two  years  of 
sc  boo  1  . 

2.  The  top  20%  ot  the  high  school  graduating  class  contributes  42% 
of  college  enrol  lees  and  32%  of  college  dropouts.  That  means  30.')%  of 
those  in  the  top  fifth  of  their  class  in  high  school  and  who  went  on  to 

c  ol lege  will  quit . 

3.  Referring  to  the  students  who  graduate  in  the  upper  half  of 
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thrir  t  lasses  in  the  secondary  schools  in  t  hr  United  States,  he  said, 
"about  one-half  go  to  college  on  a  full-time  basis  and  about  three- 
fourths  of  them  eventually  receive  a  ban alaureate  degree,"  (Iffert, 

1  9S8  ,  |> .  99). 

9.  Kverv  effort  to  find  an  assoi lulion  of  sufficient  magnitude  to 
support  the  hypothesis  tfiat  "the  stronger  a  student's  motiviuon,  the 
better  are  his  chances  of  remaining  in  college,"  failed.  This  in  spite 
of  the  fait  that  the  hypothesis  has  been  ",  .  .  advanced  by  many  writers 

and  has  been  supported  by  evidence,"  l  Iffert,  19S8,  p.  29). 

Kalzman  (1971) 

Though  this  study  appears  irrelevant  to  the  problem  addressed  in 
this  dissertation,  it  is  included  in  the  review  of  the  literature  for 
one  significant  reason.  That  is  the  fait  that  his  study  was  performed 
as  an  educational  production  t uni l i on  where  one  output  was  retention  of 
st  ml. nts,  thus  establishing  a  possibility  for  future  works  using  the 
production  function  approach.  His  study  was  performed  in  Boston  on 
elementary  school  children  from  grades  two  through  six  in  all  local 
school  districts.  Three  separate  areas  of  output  (AO)  were  used  with 
each  area  having  two  measures.  One  such  AO  was  "holding  power”  with  the 
two  measures  being  described  as  the  rate  of  average  daily  attendance  and 
the  rate  of  continuation  of  elementary  school  graduates  through  high 
school.  These  two  measures  represent  retention  of  students.  The  inde¬ 
pendent  variables  fit  into  one  of  three  classes:  (1)  school  expendi¬ 
tures,  (2)  teacher  and  inst itut tonal  inputs,  and  (3)  social  class  and 
racial  variables.  Using  regression  analysis  techniques,  he  found  that 
elementary  school  resources  and  teacher  inputs  had  the  most  significant 
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DETAILED  PRODUCTION  FUNCTION'  STUDIES 

This  appendix  details  the  works  ol  five  authors  or  sets  of  authors 
who  have  performed  a  study  on  the  eionomies  ol  education  through  the  use 
of  an  educational  product  ion  function  It  provides  much  greater  detail 
than  that  attributed  to  those  studies  appearing  in  Chapter  II  in  that 
inputs,  outputs,  methodologies  and  results  are  provided,  often  in  tabu¬ 
lar  torm. 

Samuel  Bowles  (19701*  is  one  of  the  many  who  have  done  further  work 
using  'lata  from  the  "Coleman  Report."  His  production  function  was 
developed  using  the  data  for  black  students  enrolled  in  the  twelfth 
grade  during  the  fall  of  196r>.  The  variables  hr  elected  to  use  for  the 
empirical  implementation  of  the  model  are  depicted  in  Figure  11.  A 
total  ol  thirty-six  variables  were  tested  tor  signiticame.  His  esti¬ 
mate  of  the  statistically  significant  portions  of  the  educational  pro¬ 
duction  function  appears  ill  Table  18.  He  confirmed  his  own  assertion 
(which  he  readily  documented) that  teacher  quality,  as  measured  by 
Teacher’s  Verba  1 -abi 1 i ty  Score,  was  the  "single  most  important  school 
input."  As  an  explanation  for  the  small  explained  variance,  Bowles 
pointed  to  the  failure  to  specify  adequately  a  model  of  school  achieve¬ 
ment  and  also  admitted  to  the  shortcoming  of  failing  to  include  some 
important  influences  on  learning,  such  as  school  policy  or  community 
interest  in  support  for  education.^ 


The  form  and  specification  of  the  educational  production  function 
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DEPENDENT  VARIABLE. 

Verbal  achievement  test  sco/e 

INDEPENDENT  VARIABLES: 

Nonschool  Environment. 

Consumer  durables  in  the  home 
Reading  material  in  the  home 
Parent's  educational  level 
Foreign  language  at  home 
Urbanism  of  background 
Preschool  attendance 
Number  of  sibl  mgs 
Fami ly  stability 

General  SchooJL  Environment 

Proportion  of  students  transfenng 
Number  of  twelfth  grade  students  in 

Number  of  foreign  language  courses 

Coorprehens  i  veness  of  curriculum 
Average  time  spent  in  guidance 
Promotion  of  slow  learners 
Ext racurricular  activities 
Accelerated  curriculum 
Number  of  math  courses 

Length  of  academic  day 

Amount  of  homework 

Teacher  turnover 
Days  in  session 
Tracking 

Teacher  (Quality 

Quality  of  college  attended 
Verbal  ability  score 
Socioeconomic  status 
Number  of  absences 

Teacher  Quantity 

Total  pupils  in  school  per  total  teachers  in  school 

School  Facilities 

Volumes  per  student  in  the  school  library 
Science  laboratory  facilities 

Student^  Attitudes 

Student  sense  of  control  over  environment 
Student  self-concept 


Degree  received 
Experience 
Local  ism 
Salary 


in  and  out 
school 


Figure  11.  Variables  Used  by  Samuel  Bowles 


Table  18  --Produition  Function  Developed  by  Samuel  Bowles 


Independent  Variable  Coefficient  t-value 

Reading  material  in  the  home  1 . 9284  2.5847 

Number  (if  siblings  1.8512  4.1411 

Parents'  educational  level  2.4651  4.4660 

Family  stability  0.8264  1.6938 

Teacher’s  verba  1 -abi 1 1 ty  store  1.2547  7.1970 

Silence  lab  facilities  0.0505  2.5821 

Constant  19.4576  5.1887 

R2  0.1708 


) X ' X I  0.6628 

N  1 , 000 

Developed  from  data  in  Howies  (1970,  Table  5,  p.  42). 
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deve  1  oped  using  the  tin  I  email  Report  data  were  further  tested  on  two 
different  samples  of  1,000  twelfth  grade  students  each  in  the  North  and 
the  South.  Both  test  samples  along  with  the  original  product  ion 
turn  t ion  of  1,000  Mack  twelfth  grade  students  are  included  in  Table  10. 

His  i  one  1  us  l  oris  a  re  : 

(1)  The  estimated  efleits  of  different  schools  upon  scholastic 
ai  h i evement  are  quite  limited. 

(2)  A  uniform  improvement  of  10%  in  all  school  inputs  would  raise 
at  h  i  evement  by  'i .  7% . 

(i)  Though  he  feels  his  results  are  encouraging,  he  also  declares 
that  we  are  still  a  long  way  from  estimating  a  satisfactory  production 
funt tion  due  to  the  inability  to  measure  or  the  inadequacy  of  output 
measures . 

(41  The  ma|ur  contribution  of  his  production  function  was  the 
successful  identification  of  a  number  of  school  inputs  which  do  seem  to 
affect  student  learning. 

4 

Jesse  Burkhead,  Thomas  0.  fox,  and  John  V.  Holland  (1967)  con¬ 
ducted  a  unified  survey  of  19  Chicago  schools,  22  Atlanta  schools,  and  a 
suhsample  of  177  schools  from  the  Project  TALENT  sample.  The  unit  of 
analysis  was  the  individual  high  school  within  the  large-city  system. 
Their  study  had  a  three-fold  purpose.  They  proposed  to  examine  the 
allocation  of  resources  and  trace  relationships  between  allocation 
levels  and  the  resulting  outputs  of  the  schools.  They  wanted  to  explore 
and  measure  the  influence  of  input  factors  on  the  output  of  public 
education.  And  they  suggested  procedures  for  the  measurement  of  input 
and  output  relationships  in  public  high  schools.  They  examined  Chicago 
and  Atlanta  to  determine  the  economic  structure  of  education  therein  and 
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Table  1  *>**  — A  Compar  i  son  of  Row) 


Original 

I  ndependent 


Va  r i ah  1 e 

1 .  Read i ok 

Coef  . 

t -va 1 ue 

ma  t  e  r  i  a  1  in 
the  home 

1 .928 

2.181 

2  .  Ntimbe  r 
of  sihl ings 

I  .811 

4.  141 

i.  Parents' 

*  ducat lona 1 

1  eve  1 

2.461 

4.466 

4 .  Kami  1 y 
stability 

0.826 

1 . 694 

1.  Teacher's 
verba  1 -ah i 1 1 1  y 

score 

1  .  211 

7.  197 

0 .  Science 

1 aboratory 
facilities 

0 . 01 1 

2.182 

7.  Days  in 

sc'ss  ion 

~ 

* 

Constant 

10.418 

1.189 

R2 

0.171 

|X'X| 

0.661 

N 

1 ,000 

aI)eve loped  fro* 

Bowles 

(1970,  Tables 

s’  Developed  Production  Functions 

Northern  Southern 

Test  Test 


Coe  f  . 

t -va 1 ue 

Coef  . 

t -va 1 ue 

1.279 

1.601 

1.841 

2.629 

1  .660 

3 .  700 

1  .  794 

4.438 

2.611 

4 . 626 

2.185 

4.  181 

0 . 899 

1  .6/1 

0.823 

1.858 

0.  721 

1.  191 

1.097 

6.593 

0.019 

2.137 

0.027 

1  .  724 

0. 189 

1.971 

- 

- 

2.585 

1 

o 

20.373 

6.247 

0.090 

0.  196 

0.730 

0.119 

1,000 

1,000 

5,  A. 4 

and  A. 5, 

pp.  42,  54, 

55). 
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then  compare  their  findings  with  the  interdistrict  studies  based  on  data 
from  Project  TALENT. 

in  the  1961-62  school  year,  there  were  103,509  students  in  average 
daily  attendance  in  52  public  high  schools  in  Chicago.  The  39  high 
schools  which  Burkhead  et  al .  examined  were  comprehensive  in  nature  and 
enrolled  about  55  percent  of  all  Chicago  high  school  students.  They 
used  four  separate  output  measures:  (1)  a  composite  test  score  taken 
from  two  administrations  (one  each  in  the  fall  and  spring)  of  several 
aptitude  and  reading  examinations,  (2)  percentage  of  students  employed 
after  school  hours,  (3)  percentage  of  students  planning  to  continue 
full-time  education  after  graduation  from  high  school,  and  (4)  dropouts, 
expressed  for  each  high  school  as  a  ratio  of  voluntary  dropouts  to  the 
adjusted  membership  of  the  total  studentbody. 

Inputs  consisted  of  status  and  school  input  and  process  variables. 
The  status  variables  were:  (1)  median  family  income,  (2)  median  years 
of  education  of  persons  twenty-five  years  old  and  older,  (3)  percentage 
of  population  nonwhite,  (4)  percentage  of  high  school  students  attending 
nonpublic  schools,  (5)  percentage  of  white  collar  workers  in  the  male 
labor  force,  and  (6)  percentage  of  housing  classified  as  unsound. 

School  input  and  process  variables  included:  (1)  building  age, 
substituted  for  the  value  of  buildings,  (2)  teacher  sun-years  per  pupil, 
(3)  administrative  man-years  per  pupil,  (4)  auxiliary  man-years  per 
pupil,  (5)  textbook  and  library  expenditures  per  student,  (6)  materials 
and  supplies  expenditures  per  student,  (7)  an  aggregate  measure  of 
resource  input --cur rent  expenditures  per  pupil,  (8)  average  class  size, 
(9)  percentage  of  students  enrolled  in  vocational  classes,  (10)  median 
teacher  age,  (11)  median  teacher  experience  in  years,  and  (12) 
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proportion  of  teachers  with  M.A.  or  higher  degrees. 

Correlation  analysis  was  employed  with  the  primary  result  being 
that  test  stores  as  an  output  proved  to  he  the  most  amenable  to  analysis 
with  the  particular  model  developed.  Family  income  was  positively 
related  to  reading  and  verbal  skills.  Teacher  experience  and  teacher 
salary  were  both  associated  with  positive  outcomes.  The  outputs  post 
high  school  continuation  and  dropout  rate  were  less  susceptible  to 
analysis.  When  using  the  dropout  measure,  family  income  was  a  sig¬ 
nificantly  negative  factor.  The  dropout  rate  was  not  associated  with 
the  experience  of  the  teacher,  teacher's  education,  or  student-teacher 
ratios.  The  size  of  the  high  school  was  uniformly  unimportant  as  an 
educational  variable  in  Chicago. 

The  general  institutional  characteristics  of  the  schools  in  Atlanta 
were  similar  to  those  in  Chicago.  Therefore,  they  attempted  to  use  the 
same  model  as  had  been  used  in  Chicago  with  as  few  changes  as  possible. 
Of  the  twenty-two  Atlanta  schools,  seventeen  were  for  white  students  and 
five  were  for  black  students.  The  while  schools  enrolled  16,276  and  the 
black  schools  enrolled  9,802  students.  The  findings  in  Atlanta  were 
also  similar  to  those  in  Chicago  in  many  respects.  The  major  determi¬ 
nants  of  school  performance  were  factors  external  to  the  school  itself, 
such  as  family  income  and  family  housing  conditions.  Here,  as  in 
Chicago,  there  was  a  high  negative  correlation  between  family  income  and 
the  dropout  rate. 

Although  the  Project  TALENT  sample  consisted  of  206  high  schools 
with  49  variables,  not  all  observations  were  complete  for  all  schools. 
Therefore,  Burkhead  and  his  associates  used  data  such  that  177  high 


achools  could  be  studied.  The  basic  data  included  in  TALENT  consisted 


of  ton  so(  iofrnnoBK  varuMps,  e lghteen  tost  scores,  and  twenty-one 
school  characteristic's.  The  schools  sampled  in  Project  TALENT  came  from 
communities  having  a  population  between  2 ,  S00  and  2b, 000  and  only  one 
pub li<  high  si  hoo 1 . 

The  output  used  for  comparison  with  the  previous  two  large-city 
school  districts  included  a  twelfth  grade  reading  test  score,  a  dropout 
rate,  value-added  approach- -d 1 f t erence  between  twelfth  and  tenth  grade 
reading  scores,  and  college  attendance  (continuation).  For  inputs,  the 
number  of  books  in  the  school  library  was  used  as  a  substitute  for 
library  expenditures  in  the  large-city  studies. 

They  found  that  their  model  was  ineffective  in  analyzing  dropouts 
for  small  communities,  nor  was  it  capable  of  producing  satisfactory 
answers  concerning  the  continuation  of  high  school  students  into 
college.  Their  study  of  the  Project  TAI.ENT  data  did  show  family  income, 
teacher  experience,  and  teacher  salary  to  he  significant  positive  vari¬ 
ables  when  examining  the  other  two  measures  of  output. 

Martin  T.  katzman  <  1  7 1  ) performed  a  study  in  the  Boston  city 
school  districts  using  elementary  school  students  from  grades  two 
through  six.  Three  separate  areas  of  output  were  used.  Each  area  had 
two  measures.  The  first  area  was  cognitive  ability  gains  and  was  meas¬ 
ured  first  by  the  difference  in  median  reading  scores  between  a  specific- 
district's  second  and  sixth  graders,  the  largest  range  available  by 
district.  The  second  measure  of  cognitive  ability  was  the  median  level 
of  math  competency  among  fifth  graders,  the  only  group  for  which  such 
scores  were  available.  The  second  area  of  output  was  previously  de¬ 
scribed  in  Chapter  II.  It  used  the  rate  of  average  daily  attendance  and 
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the  rate  of  continuation  of  elementary  graduates  through  high  school  as 
the  two  measures  of  holding  power.  The  third  output  area  was  titled 
aiademu  achievement.  Katzman  used  the  percent  of  sixth  graders  who 
took  the  Latin  School  F.xam  and  the  percent  of  those  sixth  graders 
passing  the  exam  as  the  two  measures  of  this  output.  Figure  12  outlines 
all  of  the  variables  he  used  in  his  model. 

Initially,  Katzman  performed  six  regressions,  one  for  each  output 
measure  of  student  perf ormani e ,  against  expenditures  and  social  class, 
finding  insignificant  results  in  all  i.ises.  As  a  second  approximation, 
student  pe  r  f  or mam  e  was  regressed  against  all  physical  measures  of 
sihool  inputs  and  social  class.  The  coefficients  tor  these  regressions 
were  lonsistently  higher  than  for  the  corresponding  expenditure  re¬ 
gressions.  However,  at  most  only  two  inputs  were  significant  in  the 
expei ted  direction  in  any  of  the  six  equations. 

Katzman  arrived  at  five  conclusions  from  this  first  effort. 

(1)  Each  output  measure  differed  significantly  from  the  others  in 
the  amount  of  variation  explained  by  the  production  function  equation 
when  using  identical  independent  variables. 

(2)  No  school  input  had  a  consistently  significant  coefficient  in 
every  regression. 

(  f)  In  every  regression,  teacher  turnover  had  a  negative  effect  on 
performance,  and,  in  all  but  one,  increasing  enrollment  had  a  positive 
although  insignificant  effect  on  performance. 

(4)  There  existed  a  positive  relationship  between  social  class  and 
student  performance. 

(“>)  "Either  expenditures  are  a  poor  surogate  for  'true'  school 
resources  or  that  resources  have  little  or  no  impact  on  perf ormance . 
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DEPENDENT  VARIABLES: 

Range  (second-sixth  grade)  of  median  reading  scores 

Fifth  grade  median  level  math  competency 

Rate  of  average  daily  attendance 

Rate  of  continuation  through  high  school 

Percent  of  sixth  graders  taking  Latin  School  Exam 

Percent  passing  Latin  School  Exam 

INDEPENDENT  VARIABLES: 

School  Resources: 

Current  school  expenditures 
Instructional  expenditures 

School  Inputs: 

Percent  of  teachers  accredited 

Percent  of  teachers  with  masters  degree  plus 

Percent  of  teachers  with  over  ten  years  experience 

Percent  of  students  in  uncrowded  classrooms 

Pupi 1  - 1 o- 1 eacher  ratio 

Annual  rate  of  teacher  turnover 

Number  of  students  per  school  district 

Age  of  facilities 

Social  Class  and  Racial  Variables: 

Median  family  income 

White  collar  workers 

Adult  median  school  year 

Number  adults  completing  high  school 

Median  contract  tent 

Percent  white  students 

Percent  population  while 


Figure  12.  Variables  Used  by  Martin  Kalzman 


Kalzman  then  proceded  with  a  stepwise  regression  algorithm  in  an 
attempt  to  select  that  subset  of  inputs  which  best  predicts  performance 
as  indicated  by  the  standard  error  of  the  estimate.  Such  a  procedure 
included  those  independent  variables  whose  coefficients  had  a  t-value 
greater  than  or  equal  to  some  prespecified  value  and  removed  those 
variables  already  entered  whose  t-value  fell  below  that  same  value.  In 
his  words,  "the  'best'  regression  equations  were  obtained. The  re¬ 
sults  of  his  best  linear  model  are  shown  in  Table  20.  As  this  procedure 
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Table  20a--Katzman , 


Best  Linear  Regression  Model 


Performance  Measure 


Va  r  1  ah  1  e 

Attend 
R“- .  1  1 

Cjjnt i n 
R"  = .40 

Rgad i ng 
R'"- .  49 

Math 

R  -  .67 

l,.T. 

R  =.91 

ir-P- 

R  =  .  98 

Ace  red 1 1  ed 

0 . 064 

0.099 

1  .410 

0.909 

t  - va  1  lie 

2 . 000 

- 

2.981 

2.472 

Kxpe r i eni ed 

1  .  160 

0.891 

0.  102 

t -va 1 ue 

1.16  1 

I  .949 

1.214 

Masters 

0.029 

-0.068 

-  1.079 

0.199 

t -va 1 ue 

1 . 0  16 

-1.619 

-2. 198 

1  .  J60 

Turnover 

-0.108 

-0.074 

-1.110 

-1.776 

-0.200 

-0.241 

t -va 1 ue 

-  1.086 

-  1  .  196 

-2.018 

-  1.469 

-1.429 

-2.2  11 

line  rowd  i  ng 

0.92) 

0.180 

t -va 1 ue 

1  .494 

2 . 609 

S/T  rat  i  o 

-0.  110 

t - va 1 ue 

-2 . 296 

Knro 1 Iment 

0.004 

0.019 

0 . 004 

0.004 

t -va 1 ue 

4 . 000 

1.071 

1.000 

1  .933 

far.  jge 

0.291 

-0.898 

t -va 1 ue 

1  . 000 

-1.191 

Wh  .  collar 

-0.0 JO 

0.  199 

1  .  190 

1.982 

0 . 982 

0.231 

t - va 1 ue 

-  1 .0  14 

1  .'>21 

2.429 

J.  199 

4.912 

2.381 

*l)ata  adapted 

from  Katzman 

( 1971 ,  Table  1.8,  p. 

98). 

Attend  =  rate  of  average  daily  attendance;  Contin  =  rate  of  continu¬ 
ation  of  elementary  graduates  through  high  school;  Reading  =  difference 
in  median  reading  scores;  Math  -  fifth  grade  median  math  score;  1..T.  - 
percent  of  sixth  graders  who  took  the  Latin  Test;  and  L.P.  -  percent 
who  passed  the  Latin  Rxam. 


relates  to  attrition  when  measured  l>y  the  continuation  output,  Kalzman 
(  1  9  7  1  ,  p.  60 )  found  that  elementary  school  resources  <1 1  <1  have  an  impait 
on  a  student's  continuation  through  high  school. 

g 

C  harles  R.  lank  and  Edward  Rat  ledge  (1979)  did  research  which 
would  help  uncover  the  importance  of  school  inputs  versus  home  char- 
acteiistics  as  determinants  of  student  performance. 

The  Coleman  Report,  originally  undertaken  to  examine  the 
extent  of  racial  discrimination  in  public  schools  in  the 
United  States,  generated  a  substantial  interest  in  the  de¬ 
terminants  of  achievement.  Unfortunately,  the  plethora  of 
ach i evement -  re  1  at ed  papers  subsequent  to  the  Coleman  Report 
has  not  produced  a  consensus  on  such  crucial  issues  as  the 
importance  of  school  inputs  vis-a-vis  home  background  as 
determinants  of  student  performance  on  standardized  tests,  the 
importance  of  alternative  educational  outputs,  or  the  proper 
techniques  for  estimating  the  equation. 

(Link  and  Rat  ledge,  19  79,  pp .  98-9) 

In  l he 1 1  paper,  Link  and  Rat  ledge  examined  the  determinants  of 
reading  achievement  for  r>00  fourth-graders  in  the  Wilmington,  Delaware 
School  District  circa  1969-70.  Four  characteristics  of  their  study  made 
it  unique,  first,  each  student’s  characterist ics  were  matched  with 
those  of  the  respective  teacher.  Second,  mtr . ’ igence  quotient  (IQ) 
information  for  each  student  in  the  sample  was  available  from  an  IQ  test 
administered  in  the  fall  of  1969.  Third,  a  reading  pretest  was  given  to 
the-  students  at  the  beginning  of  the  school  year,  September  1969,  which 
allowed  the  researchers  to  account  for  all  inputs  which  had  occurred 
prior  to  the  fourth  grade.  Last  of  all,  a  questionnaire  was  given  to 
the  students,  also  at  the  beginning  of  the  fourth  grade  year.  On  the 
basis  of  those  questions,  variables  were  created  representing  numerous 
motivational  and  perceptional  attributes  of  each  of  the  students. 

These  attributes  represented  the  main  contribution  of  this  study. 
The  two  important  variables  were  the  student's  perception  of  respective 
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trjihcr's  ,iin)  parents'  rxprctat  ions  for  that  particular  student.  All 
variables  were  grouped  into  three  basic  classifications:  student, 
teacher,  and  classroom  cha rai ter  1 s 1 1 rs .  The  dependent  variable  was  the 
grade  equivalent  score  on  the  reading  portion  of  the  California  Test 
Bureau  Comprehensive  Tests  of  Rasic  Skills  which  was  administered  to  the 
students  at  the  end  of  the  i  lass  year  i n  May  1970.  The  input  for 
student  lij  was  based  on  the  California  Test  of  Mental  Maturity  which  had 
been  administered  to  the  students  in  October  1969.  The  seventeen  vari¬ 
ables  along  with  the  results  of  the  study  are  presented  in  Table  21. 

The  most  notable  finding  of  the  Link  and  Rat  ledge  study  was  the 
tremendously  significant  contribution  to  a  student's  reacting  test  score 
by  the  student  perceived  expectations  of  parents  and  teachers.  "This 
result  suggests  that  there  exist  previously  untapped  nont radi t  iona 1 

teacher  inputs  which  may  he  crucial  resources  in  the  educational 

„9 

process . 

The  last  study  examined  in  detail  was  one  performed  by  Alexander  W. 
Astin  (1968).'^*  This  study  closes  the  chapter  because  it  is  one  of  very 
few  to  appear  on  the  production  of  higher  education  and  it  is  the  only 
one  to  have  a  qualitative  dimension.*'  His  study  utilized  a  sample  of 
669  students  drawn  from  the  freshman  classes  entering  a  stratified 
national  sample  of  248  accredited,  four-year  colleges  and  universities 
in  the  fall  of  1961.  However,  to  be  included  in  the  study,  each  subject 
had  to  have  met  four  criteria: 

( 1 )  He  must  have  been  among  the  random  samples  of  approximately  250 
students  at  each  college  who  were  selected  for  a  follow-up  study  con¬ 
ducted  in  1962. 

(2)  The  institution  of  attendance  was  one  of  the  thirty-eight  in 
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Table  21  --Link  and  Ratledge,  Variables  and  the  Coefficients 


Insi^nit icant  Variables  Significant  Variables 


Variable 
Rescript  ion 
Class  size 

Coefficient 
( t - va 1 ue ) 

0  005  ' 

(o.  :noi 

Variable  Coefficient 

Description  (t-value) 

Student  perceived  0.506 

teacher  expectations  (5.240) 

Teacher  education: 

BS 

0.  121 
(0.730) 

Student  prereading 
test  score 

0.603 

(13.460) 

BS  ♦  10 

0.226 

(0.880) 

Student  perceived 
parent  expectations 

0.227 

(3.130) 

MS 

0.367 

(1.670) 

Student  IQ 

0.035 

(8.410) 

Teacher  white 

0.139 

(1.520) 

Teacher  experience 

-0.003 

(0.740) 

Class  at  least 

60%  black 

-0.047 

(0.400) 

Student  white 

-0. 168 
(1.670) 

Student  male 

-0.022 

(0.290) 

Student  preference 
for  race  of  teacher 
■et 

0.014 
(0. 120) 

Constant 

=  0.891 
(1.120) 

don't  care 

0.127 

(1.200) 

2 

Adjusted  mean  R 

=  0.64 

Student's  father 
professional 

0.228 

(1.130) 

S.E.E. 

=  0.8296 

aData  taken  fro*  Link  and  Ratledge  (1979,  Table  1,  p.  106). 
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t  he  sample  wlmh  administered  the  area  tests  from  the  Graduate  Record 
Kxaminations  ( GRK )  to  its  seniors  in  196S. 

(t)  The  student  had  to  he  positively  identified  by  name  among  those 
graduates  from  whom  GRK  stores  were  available. 

(4)  The  student  must  have  taken  the  National  Merit  Scholarship 
Qua  1  .  *  v  :ig  Test  (  NMSQT )  while  in  high  school,  and  his  scores  obtained 
from  the  files  of  the  National  Merit  Scholarship  Corporation. 

The  final  sample  included  students  from  thirty-eight  institutions; 
thirty-two  of  which  were  liberal  arts  colleges,  five  were  universities 
and  one  was  a  teachers  college. 

The  variables  used  included  the  following  student  inputs: 

(1-6)  Scores  on  the  NMSQT  -  five  subsets  plus  a  composite  score. 

(7)  Sex. 

(8-16)  High  school  grades,  A,  A- ,  through  C. 

(17)  Size  of  high  school  class. 

(18- IS)  Dichotomous  scores  on  eighteen  nonacademic  achievements. 

(36)  Father's  educational  level. 

(37-S2)  Father's  educational  field. 

(S3-S8)  Student's  highest  degree  planned. 

(S9-73)  Intended  field  of  study. 

(74-103)  Career  choice. 

School  inputs  were: 

(1)  Selectivity  (an  estimate  of  average  academic  ability  of 
entering  students.) 

(2)  Per-student  expenditures  for  educational  and  general  purposes. 

(3)  Number  of  books  in  library. 

(4)  Number  of  books  in  library  per  student. 


r>4 

(  ’> )  St  udent  - }  .11  ii  1 1  y  ratio. 

( t>  )  IVt c  rut  age*  of  faculty  with  a  Ph.f).  il*'X  rf  f' . 

I  7  !  Total  af  t  Iiiimu  ('--average  based  on  school  input  measures  two  to 
to  six  above. 

(8)  Degree  of  academic  competitiveness. 

(9-12)  Fom  types  of  university  control. 

(1) -lfi)  Type  of  institution. 

(19-22)  Geographic  region  of  the*  United  State's. 

(2) -2h)  Type  of  college  town. 

(27)  Undergraduat e  enrollment  (number  of  students). 

(28)  Percentage  of  men  in  the  student  body . 

(29-  (4)  Curricular  emphasis. 

ltS-t>9)  Thirty-five  measures  of  the  college  environment  derived 
from  the  Inventory  of  College  Activities. 

The  output  measure  was  the  individual  student’s  score  on  one  of  the 
area  tests  of  the  GRE  administered  in  196"). 

Astm  tested  two  hypotheses.  The  first  was  that  the  academic 
excellence  of  the  undergraduate*  institution  has  a  positive  effect  on  the 
student’s  intellectual  achievement.  Second  was  the  extent  of  the 
positive  effect  of  institutional  quality  on  intellectual  achievement  is 
proportional  to  the  student's  academic  ability.  The  first  hypothesis 
was  concerned  with  the  main  effects  of  institutional  excellence  on 
intellectual  achievement.  The  second  dealt  with  the  interaction  effects 
of  institutional  quality  and  student  ability  on  intellectual  achieve¬ 
ment  .  The  statistical  technique  used  to  test  these  hypotheses  consisted 
of  a  three-stage,  stepwise,  linear  regression  procedure.  During  the 
first  stage,  the  103  student- input  variables  entered  the  equation.  In 
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the  sn  nml  stage,  the  69  <ollege  cnvi  ronmental  variables,  including  the 
measures  of  institutional  excel  Inner  were  permitted  to  enter.  The  last 
stage  permitted  the  two  interaction  terms  to  enter  the  equation.  Three 
such  three-stage  analyses  were  performed,  one  for  each  of  the  area  tests 
of  the  ORE. 

Astin  was  unable  to  find  much  support  for  the  hypotheses  put  forth. 
The  sci onil  stage  of  his  three-stage  analysis  failed  to  reveal  any 
ilear-iiit  pattern  of  institutional  characteristics  which  either  fostered 
or  inhibited  student  achievement  Regarding  the  individual  student, 
Astin  said: 

Of  the  student's  character  1 st 1 cs  at  the  time  he  enters 
college,  the  most  important  single  determinant  of  his  level  of 
achievement  as  a  college  senior  was  his  academic  ability  as 
measured  during  high  school.  .  .  .  Next  to  academic  ability 

and  sex,  the  most  important  predictors  of  undergraduate  a- 
(  h i evement  were  the  student’s  intended  field  of  study  and  his 
<areer  choice  at  the  time  he  entered  college. 

|Aslin,  1908,  p.  665-6) 
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Notes  to  Appendix  C 


1.  Information  for  this  section  taken  from  Samuel  Bowles,  "Towards 
an  Educational  Production  Function,"  in  W.  Lee  Hansen,  ed  ,  Educ^at ion^ 
Income,  and  Human  Capital,  New  York:  National  Bureau  of  Economic 
Research,  1970,  50-4. 

2.  Ibid.  ,  43. 

3.  Ibid. ,  45. 

4.  Information  for  this  section  taken  from  Jesse  Burkhead, 

Thomas  G.  Fox,  and  John  W.  Holland,  Input  and  Output  in  Large-City 
Hi  &h  Schools,  Syracuse:  Syracuse  University  Press,  1967. 

5.  Information  for  this  section  taken  from  Katzman  (1971). 

6.  Ibid. ,  55. 

7.  Ibid. ,  57. 

8.  Information  for  this  section  taken  from  Charles  R.  Link  and 
Edward  C.  Rat  ledge,  "Student  Perceptions,  l.Q.  and  Achievement," 

Journal  of  Human  Resources,  Winter  1979,  XIV,  98-111. 


9. 

Ibid.,  109. 

10. 

Information 

for  this  section  taken  from  Astm  (1968),  661-8 

1 1 . 

Cohn  (1979), 

188. 
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APPENDIX  D 


MULTIPLE  LINEAR  REGRESSION 

Multiple  Linear  Regression  techniques  are  used  in  deriving  the 
maximum  likelihood  estiaator  for  the  models  in  this  dissertation.  The 
following  assumptions  apply: 

i.  The  model  is  specified  by  Y  s  Xf  t  e,  where  Y  is  output  and  is 
an  n  x  1  Matrix,  X  represents  the  independent  inputs  and  is  k  x  n,  and 
e  is  the  error  term  and  is  n  x  1. 

ii.  X.'s  are  nonstochastic.  In  addition,  no  exact  linear  re¬ 
lationship  exists  between  two  or  more  of  the  independent  variables. 

in.  a.  The  error  tera  has  an  expected  value  =  0  and  a  constant 
variance  for  all  observations. 

b.  The  errors  corresponding  to  different  observations  are 
not  correlated. 

c.  The  error  variable  is  normally  distributed. 

Given  the  sssuaptions  i,  ii,  liia,  and  iiib,  Gauss-Markov  applies; 
i.e.,  the  estisutors  are  the  best  linear  unbiased  estiaators,  BLUE. 

When  iiic  is  added,  the  estiaators  are  the  aaxiaua  likelihood  estiMtors 
(MLE)  as  well.  The  MLE  of  0  are  the  values  of  £  which  would  s»st  likely 
generate  the  observed  ssaple  observations  of  Y^. 

The  subjective  results  are  based  on  the  normal-gaaaa  (N-T)  theory 
where  p  is  i  vector  of  random  variables  which  is  also  a  N-T  mixture  of 
conditionally  independent,  identically  distributed  normals  which  are 
distributed  as  a  t-distribution  with  2a  degrees  of  freedom,  mo  location 
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of  wean,  and  TQ/y  variance.  The  subjective  view  of  the  multiple  re¬ 
gression  model  is: 

if  0  I  X,  n  ~  N  (0Q,  IntJ*1  =  (n0)‘1).  and 
n  t  X  -  I  (a,y);  it  can  be  shown  that 

0l  X,  Yt  n  -  U  ((n(X'X  ♦  T^f1  [nio0o  ♦  rtX’xfr, 

|n(X'X  ♦  l0))'1).  and 
n  I  X,  Y  ~  r  (a  ♦  n/2 ,  y  ♦  e'e/2). 

The  degrees  of  freedom  are  2or,  where  a  comes  from  the  rt  |  X,  Y  statement 

and  it  »  ♦  n/2.  The  location  of  the  swan  is  u  ,  where  u  comes  from 

o  o 

the  0  I  X,  Y,  n  statement.  And  the  variance  i  / y  comes  jointly  from  both 

of  those  statements,  where  Tq  is  {n(X’X  ♦  Tq ) J  1  and  y  is  (y  +  e’e/2). 

Therefore,  the  posterior  of  0  ~  t  (2a  ♦  n,  (rt(X’X  ♦  t^))  * 

Int  0  ♦  nX’xfl],  (a  ♦  n/2)(X’X  ♦  t  )/(y  *e’e/2).  The  following  defi- 

o  o  o 

nitions  apply  to  the  notation  used: 

0  =  coefficient  values 

l  =  MLE  of  0 

0q  =  prior  opinions  of  0 

X  matrix  of  independent  input  variables 

rt  =  precision  (inverse  of  variance) 

*  prior  opinion  of  precision  =  nTQ 
Tq  ~  some  constant  prior  opinion  value 
N  =  normal  distribution 
P  *  gamma  distribution 
a  -  paraawter  value  of  T 
y  -  parameter  value  of  T 
T  =  matrix  of  dependent  output  variable 
n  a  number  of  observations 
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t  =  t-distribution 
e  =  short  notation  for  (Y  *  X0). 

Of  course  the  item  of  particular  interest  in  the  posterior  t- 
distribution  is  the  mean  location.  That  is: 

(n(X'X  ♦  to)I'1  (nto0o  +  nX’xBl- 

For  the  USAFA,  this  will  provide  a  k  x  1  matrix  representing  the  pos¬ 
terior  estimate  of  the  coefficient  values. 

Because  of  the  difficulty  involved  in  eliciting  prior  opinions  on 
the  varianre/covar iance  matrix  of  the  coefficient  values,  the  weighting 
procedure  used  in  this  dissertation  is  similar  to  those  alternatives 
described  by  Zellner  (1971,  pp.  41-53)  for  dealing  with  unknown,  vague, 
or  otherwise  diffuse  prior  opinions.  Therefore,  for  purposes  of  the 
subjective  results  of  this  dissertation,  the  posterior  mean  location  of 
0  is  weighted  by  n(X'X  TqX'X).  The  posterior  mean  location  is  speci¬ 
fied  as  (n(X'X  ♦  ToX’X)|  '(reX’X^  ♦  nxQ  X'X  0q).  Various  constant  values 
of  are  specified  in  the  posterior  aggregate  model  for  the  USAFA  and 

the  UofU.ffBA  model.  However  only  a  value  of  T  =  .01  is  used  on  all 

1  o 


other  USAFA  models. 


APPENDIX  El 
EQUATING  ACT  WITH  SAT 

Chase  and  Berritt  undertook  a  study  in  1961  to  determine  whether  or 
not  ACT  and  SAT  results  could  be  compared.  The  study  was  performed 
using  freshmen  from  Indiana  University.  Five  achievement  exams;  Cooper¬ 
ative  English  Test:  C2 ,  Reasoning  Comprehension  ((1)  Level  and  (2) 
Vocabulary);  the  Multiple  Aptitude  Test  ((3)  Arithmetic  Reasoning  and 
(9)  Applied  Science  and  Mechanics);  and  the  Sequential  Tests  of  Edu¬ 
cational  Progress  ( ( S )  Writing);  were  administered.  These  five  tests 
were  called  the  anchor  test.  The  class  was  then  randomly  divided  into 
two  groups.  One  group  took  the  ACT,  the  other  the  SAT.  The  method 
employed  to  arrive  at  concordant  ACT-SAT  scores  was  to  parallel  ACT  and 
SAT  scores  which  predicted  a  common  anchor  test  score. 

Specifically,  SAT  score  Y  was  found  to  predict  anchor 
test  score  X.  Next,  the  ACT  score  Z,  which  also  predicted 
anchor  score  X  was  identified.  Then  SAT  Y  was  placed  con¬ 
cordant  with  ACT  2. 

[Chase  &  Barritt,  1966,  p.  105] 

A  portion  of  the  favorable  results  which  they  discovered  is  por¬ 
trayed  in  Table  8  within  Chapter  IV. 
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Motes  to  Appendix  E 

1.  Thia  appendix  ia  not  intended  to  reproduce  either  the  method¬ 
ology  or  the  reaults  of  the  Chase*Barritt  atudy.  It  ia  only  provided 
as  an  insight  into  the  reaaoo  why  ACT  and  SAT  can  be  equated  with  each 
other.  Clinton  I.  Chase  waa  an  associate  professor  of  education  at 
Indiana  University,  and  L.  Spencer  Barritt  was  an  assistant  professor 
of  education  st  the  University  of  Michigan  when  their  jointly  authored 
article  appeared  in  The  Journal  of  College  Student  Personnel,  1966. 


APPENDIX  F 


DATA  FROM  USAFA 
Table  22--USAFA  Data 


Year 

SC 

Hc 

PH 

LD 

FQ 

FE 

SF 

(t 

1000)  (t 

1000) 

(t  1000) 

(4-  1000) 

(r  10) 

10) 

1958 

1 .  190 

.678 

.5550 

1.6239 

.  1940 

1.25 

.57 

1959 

1.218 

.690 

.5570 

1.6410 

.2418 

1.29 

.75 

1960 

1 .209 

.694 

.5469 

1.5724 

.  1916 

1.14 

.70 

1961 

1.250 

.773 

.5550 

1.6250 

.  1838 

1 .03 

.67 

1962 

1.267 

.687 

.5420 

1.6056 

.2062 

.99 

.76 

1963 

1.266 

.620 

•  5558 

1.6225 

.2066 

1 .  i/5 

.74 

1964 

1.277 

.690 

.5634 

1.6365 

.  1961 

1.03 

.70 

1965 

1.276 

.627 

•  5737 

1 . 7600 

.2424 

1.04 

.75 

1966 

1.277 

.648 

•  5575 

1 . 6359 

.2468 

1.13 

.72 

1967 

1.280 

.702 

.5729 

1.6382 

.2716 

1.14 

.77 

1968 

1.269 

.702 

5661 

1.6322 

.3084 

1.29 

.72 

1969 

1.261 

.7  31 

.5477 

1.5958 

.3142 

1.28 

.72 

1970 

1.238 

.671 

.5353 

1.5956 

.2593 

1.24 

.72 

1971 

1.243 

.  703 

.5511 

1 .6163 

.2765 

1.30 

.74 

1972 

1.246 

.731 

55.38 

1.6141 

.2875 

1.24 

.72 

1973 

1.238 

.715 

.5562 

1.5944 

.2795 

1.21 

.68 

1974 

1.235 

.738 

.5591 

1 . 6084 

.2896 

1.19 

.69 

1975 

1.209 

.820 

.5285 

1.5767 

.2811 

1.11 

.78 

1976 

1 .  197 

.  720 

.5404 

1.5728 

.2934 

1.09 

.82 

1977 

1.208 

.  760 

.5608 

1.5883 

.2949 

1.15 

.82 

1978 

1.212 

.730 

.5317 

1.5913 

.3271 

1.19 

.86 

1979 

1.240 

.710 

.5322 

1.5885 

.3181 

1.10 

.82 

1980 

1.219 

.  770 

.5400 

1.6094 

.2924 

1.07 

.77 

1981 

1.213 

.750 

.5288 

1.6081 

.3352 

1 .  14 

.83 

1982 

1.216 

.810 

.5303 

1.6174 

.3376 

1.16 

.83 

1983 

1.215 

.720 

.5342 

1.6212 

.3105 

1.16 

.82 

Statistics 

Mean 

1.2373 

.7150 

.5491 

1.6151 

.2687 

1.154 

.749 

.0277 

.0484 

.0136 

.0359 

.0478 

.090 

.064 

a2 

.0008 

.0023 

.0002 

.0013 

.0023 

.008 

.004 

Median 

1 . 2380 

.7125 

.5524 

1.6118 

.2803 

1.145 

.745 

Range 

.0900 

.2000 

.0452 

.1876 

.1538 

.310 

.290 
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Table  23 — USAFA  NS* 


Year 

Freshaan 

Sophoaore 

Junior 

Senior 

Aggregate 

1958 

.285 

1959 

.436 

.256 

1960 

.668 

.366 

.239 

1961 

.693 

.582 

.323 

.221 

1.819 

1962 

.765 

.588 

.542 

.305 

2.200 

1963 

.733 

.675 

.555 

.512 

2.475 

1964 

.763 

.615 

.621 

.520 

2.519 

1965 

.929 

.653 

.566 

.570 

2.718 

1966 

1.004 

.770 

.558 

.480 

2.812 

1967 

1.019 

.852 

.716 

.537 

3.124 

1968 

1.017 

.874 

.756 

.620 

3.267 

1969 

1  .  186 

.845 

.789 

.691 

3.511 

1970 

1.383 

.962 

.738 

.756 

3.839 

1971 

1.414 

1.131 

.848 

.713 

4.106 

1972 

1.247 

1.069 

.960 

.774 

4.050 

1973 

1.359 

.958 

.891 

.851 

<*  .059 

1974 

1.298 

1.095 

.829 

.825 

4.047 

1975 

1.514 

1 . 106 

1.009 

.770 

4.399 

1976 

1.343 

1.227 

.945 

.935 

4.450 

1977 

1.503 

1.077 

1.045 

.876 

4.501 

1978 

1 . 446 

1.227 

.960 

.994 

4.627 

1979 

1 .  389 

1 . 156 

1.007 

.911 

4.463 

1980 

1.392 

1.124 

1.014 

.921 

4.451 

1981 

1.493 

1 .  168 

.958 

.901 

4.520 

1982 

1.377 

1.257 

1.039 

.869 

4.542 

1983 

1.370 

1.097 

1.097 

.966 

4.530 

Statistics 

Mean 

1.1164 

.9092 

.7919 

.7182 

3.6969 

ai 

.3557 

.2799 

.2352 

.2134 

.8872 

a 2 

.1265 

.0784 

.0553 

.0455 

.7871 

Median 

1.2725 

.9620 

.8385 

.7700 

4.0500 

Range 

1.2290 

1.0010 

.8580 

.7730 

2 . 8080 

* Adjusted  nuaber  enrolled  in  thousands. 
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Table  24--USAFA  N. 

a 


Year 

Freshaun 

Sophoaore 

Junior 

Senior 

Aggregate 

1958 

29 

1959 

70 

17 

1960 

86 

43 

18 

1961 

105 

40 

18 

4 

167 

1962 

90 

33 

30 

7 

160 

1963 

118 

54 

35 

13 

220 

1964 

110 

49 

51 

21 

231 

1965 

159 

95 

86 

53 

393 

1966 

152 

54 

21 

10 

237 

1967 

145 

96 

96 

13 

350 

1968 

172 

85 

65 

7 

329 

1969 

224 

107 

33 

8 

372 

1970 

252 

114 

25 

11 

402 

1971 

345 

171 

74 

21 

611 

1972 

289 

178 

109 

20 

596 

1973 

264 

129 

66 

7 

466 

1974 

192 

86 

59 

12 

349 

1975 

287 

161 

74 

14 

536 

1976 

266 

182 

69 

7 

524 

1977 

276 

117 

51 

9 

453 

1978 

290 

220 

49 

13 

572 

1979 

265 

142 

86 

11 

504 

1980 

224 

166 

113 

22 

525 

1981 

236 

129 

89 

25 

479 

1982 

280 

160 

73 

27 

540 

1983 

291 

— 147 

35 

10 

453 

Statistics 

Mean 

200.7 

109.8 

59.4 

15.0 

411.7 

86.2 

54.5 

28.6 

10.4 

137.5 

cr 

7433.4 

2971.5 

818.7 

109.1 

18904.6 

Median 

224.0 

114.0 

62.0 

12.0 

453.0 

Range 

316.0 

203.0 

95.0 

49.0 

451.0 

APPENDIX  G 

ON  SERIAL  CORRELATION 

The  procedure  used  to  adjust  the  ordinary  least-squares  regression 
procedure  to  obtain  efficient  parameter  estimates  involves  the  use  of 
generalized  differencing.  Such  a  procedure  alters  the  linear  aiodel  into 
one  where  the  errors  are  independent.  The  development  of  the  model  as 
shorn  by  equation  (271  (see  text  Chapter  IV)  would  be  a  simple  matter  if 
the  value  of  p  were  known  with  certainty.  Because  p  is  not  usually 
known  a  priori,  three  alternative  procedures  for  estimating  p  have  been 
developed,  each  having  certain  computational  advantages  and  disad¬ 
vantages.  They  are  (1)  The  Cochrane-Orcutt  procedure,*  (2)  the 

2  3 

Hildreth-Lu  procedure,  and  (3)  The  Durbin  procedure. 

The  Hildreth-Lu  procedure  was  used  in  this  study  and  consists  of 
specifying  a  set  of  grid  values  for  p  much  like  simulation.  For  each 
of  the  estisiated  p-values,  the  transformed  equation  was  estimated.  The 
equation  with  the  ssullest  sum  of  squared  residuals  was  selected  as  the 
best  equation.  Appendix  H  shows  the  grid  value  selected  for  each 
equation  estimate  as  well  as  the  results  of  all  statistical  procedures 
which  were  applied. 
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Motes  to  Appendix  G 

1.  For  a  complete  description  of  the  Cochrsne-Orcutt  procedure, 
see  D.  Cochrane  and  G.  H.  Orcutt,  "Application  of  Least  Squares  Re¬ 
gressions  to  Relationships  Containing  Autocorrelated  Error  Tensa, 

Journal  of  the  Aa^rican  Statiatical  Association,  1949,  44,  32-61. 

2.  For  a  complete  description  of  the  Hildreth-Lu  procedure,  see  G. 
Hildreth  and  J.  Y.  Lu,  "Demand  Relations  with  Autocorrelated  Dis¬ 
turbances,"  Michigan  State  University  Agriculture  Experiment  Station, 
Technical  Bulletin  276,  Noveaiber  1960. 

3.  For  a  complete  description  of  the  Durbin  procedure,  see  J. 
Durbin,  "Estimation  of  Parameters  in  Time-Series  Regression  Models," 
Jounal  of  the  Royal  Statistical  Society,  ser.  B,  22,  1060,  139-53.  For 
a  more  brief  treatise  on  all  three  of  these  procedures,  see  Pindyck  and 
Rubinfeld  (1981)  157-8. 


APPENDIX  H 


MODEL  RESULTS 

Table  25--Classical  USAFA  Freshman  Model 


Input 

Variable 

Coefficient 

(SE) 

Stepwise 

(SE) 

Finish 

(SE) 

NS  (-r  1000) 

248.7* 

(33) 

223.6 

(15.6) 

751.3* 

(33) 

SC  ( t  1000) 

-162.92 

(264) 

RS  ( t  1000) 

-70.14 

(127) 

PH  (f  1000) 

-662. lb 
(681) 

LD  (~  1000) 

184. 74b 
(213) 

FQ  (decimal) 

-399 . 602b 
(302.7) 

FE  (t  10) 

229.34* 

(87) 

150.1 

(61.5) 

SF  (r  10) 

110.22 

(144) 

ADJ  R2 

.919 

.898 

.99; 

SEE 

28.916 

27.54 

F-Value 

182.03 

111.00 

323.49 

SSRESID 

15050.11 

17444.98 

Durbin-Watson :  1. 

926 

form:  Y,  = 

♦  et,  l  =  1  to  8,  t 

1958  to  1983. 

‘Statistically  significant  at  .9S  level, 
statistically  significant  at  .60  level. 
cResult  of  Nf  equation. 
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Table  26--Classical  USAFA  Sophoaore  Model 


Input  Coefficient  Stepwise  Finish* 


Variable 

_  (SE) 

(SE) 

(SE) 

NS  (*  1000) 

198.21* 

171.77 

801.79* 

(42) 

(19.13) 

(42) 

SC  (4  1000) 

-188.49 

(232) 

RS  (-f  1000) 

-138. 26b 
(119) 

PH  (t  1000) 

449 . 37 
(525) 

LD  (r  1000) 

-144.04 

(192) 

FQ  (decimal) 

-362.865C 

(252.8) 

FE  (t  10) 

149. 45d 
(73) 

SF  (r  10) 

230. 80c 
(141) 

AOJ  R2 

.899 

.768 

.995 

SEE 

26.19 

26.23 

F-Value 

126.26 

80.62 

415.88 

SSRESID 

10974.66 

15830.05 

Durbin-Watson:  2- 

594 

fora:  (Yt  -  pTt.j 

)  *  I(Xlt  -  PX^JB. 

♦  V 

i  *  1  to  8, 

t  a  1959  to  1983,  p 

*  -.41 

? Statistically  significant  at  .95  level. 
‘Statistically  significant  at  .60  level. 
^Statistically  significant  at  .80  level. 
Statistically  significant  at  .90  level. 
"Result  of  Nf  equation. 
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Table  27--Clacsi cal  USAFA  Junior  Model 


Input 

Variable 

Coefficient 

(SE) 

Stepwise 

.  .  .  iSEX  . 

Finish 

(SE) 

NS  (+  1000) 

128.95* 

(57) 

116.70 

(22) 

871.05* 

(57) 

SC  (t  1000) 

265. 45b 
(257) 

RS  (*  1000) 

-270.45* 

(123) 

-371.46 

(106) 

PH  (r  1000) 

-2°8 . 05 
(527) 

LD  (r  1000) 

124.02 

(174) 

FQ  (decimal) 

146.24 

(303.9) 

FE  (t  10) 

-165. 41C 
(103) 

-85.91 

(52) 

SF  (t  10) 

-90.32 

(148) 

ADJ  R2 

.559 

.528 

.990 

SEE 

21.862 

19.665 

F- Value 

21.47 

9.56 

210.63 

SSRES1D 

7168.49 

7733.87 

Durbin-Vatson:  1.S84 


fora: 


(Yt  -  pVl)  *  2(Xlt  -  PXit.l)Bi  ♦  et, 
i  =  1  to  8,  t  *  1960  to  1983,  p  *  -.081 


‘statistically  significant  at 
statistically  significant  at 
^Statistically  significant  at 
ntesults  of  equation. 


.95  level. 
.60  level. 
.80  level. 
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Table  28--Classical  USAFA  Senior  Model 


Input 

Coef  f ic ient 

Stepwi se 

Finish 

Variable 

_  (?E)  _ 

.  .  iSE}.  .  .. 

(SEl 

NS  (4  1000) 

-17.91 

1017.91" 

(33) 

(33) 

SC  (4  1000) 

298.01* 

31 1.99 

(101) 

(95.9) 

RS  (4  1000) 

71  33b 

52.92 

(78) 

(45.9) 

PH  (4  1000) 

-354. 47b 

-451.38 

(273) 

(176.9) 

LD  (4  1000) 

-67.57 

(98) 

FQ  1  decimal ) 

139.414 

(179.3) 

FF.  (4  10) 

-  76 . 06C 

-58.54 

(47) 

(25.4) 

SF  (4  10) 

-51.57 

(78) 

ADJ  °2 

.444 

.311 

.998 

SEE 

9.72 

8.67 

F- Value 

9.834 

3.482 

1590.79 

SSRESID 

1322.67 

1352.92 

Durb in*Watson:  2 

.136 

form:  (Yt  -  pYt_ 

i>  =  I(xit  -  <*it-i)Bi 

*  V 

l  -  1  to  8 

,  t  =  1961  to  1983,  p 

=  -.11 

^Statistically  significant  at  .95  level. 
Statistical ly  significant  at  .60  level. 
Statistically  significant  at  .80  level. 
°Results  of  equation. 
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Table  29--Classical  USAFA  Aggregate  Model 


Input 

Variable 

Coefficient 

(SE) 

Stepwise 

(SE) 

Finish** 

(SE) 

NS  (r  1000) 

214.55* 

(43) 

155.7 

(21.1) 

785.44* 

(43) 

SC  (r  1000) 

2172. 72b 
(2020) 

RS  (r  1000) 

-  1 220 . 64C 
(607) 

-646.9 

(526.6) 

PH  (t  1000) 

-2689. 02b 
(2443) 

LD  (r  1000) 

-649.77 

(1303) 

FQ  (decimal ) 

-1204.289d 

(841.2) 

FE  (F  10) 

173.91 

(295) 

SF  (r  10) 

592. 85b 
(447) 

ADJ  R2 

.885 

.786 

.996 

SEE 

63.764 

63.64 

F-Value 

191.469 

41.343 

547.578 

SSRES1D 

56921.19 

81003.91 

Durbin-Watson :  2. 

373 

form:  (*t  -  pY^, 

)  -  I(XU  -  pXit.1)B1 

+  V 

i  =  1  to  8, 

t  s  1961  to  1983,  p 

*  -.22! 

‘Statistically  significant 
statistically  significant 
^Statistically  significant 
statistically  significant 
‘Results  of  Mf  equation. 


at 

.95 

level 

at 

.60 

level 

at 

.90 

level 

at 

.80 

level 
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Table  30--Prior  Opinion*  of  USAFA  Models 


Input 

Variable* 

Freshaan 
Drop  (N.) 
Coefficient 

Sophoaore 
Drop  (N  ) 
Coefficient 

Junior 

Drop  (N.) 
Coefficient 

Senior  Aggregate 

Drop  (N.)  Drop  (N.) 

Coefficient  Coefficient 

NS 

-96.12 

36.52 

10.35 

69.62 

598.94 

SC 

-1266.6 

-1521.68 

763.63 

724.04 

-1579.23 

RS 

3041.27 

1868 

-857.64 

-803.66 

1200.23 

PH 

-68.9 

-163.87 

190.1 

39.62 

-483.47 

LD 

-141.55 

303.62 

-203.71 

-159.86 

481.8 

FQ 

0 

0 

0 

0 

0 

FE 

-75.81 

194.98 

-41.79 

-84.55 

96.13 

SF 

0 

0 

0 

0 

0 

*A11  variables  have  the 

saae  deciaal  place  as  the 

classical 

aodels. 

t 
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Table  32*--Alternative  Posterior  Models 
Reflecting  Belief  in  Priors 


Input  . 
Variable 

T  =0C 
o 

T  =.5 
o 

X  =id 
o 

t  -2 
o 

X 

o 

MS 

214.6 

342.7 

406.8 

470.8 

598.9 

SC 

2172.7 

922.1 

296.8 

-328.6 

-1579.2 

RS 

-1220.6 

413.7 

-10.2 

393.3 

1200.2 

PH 

-2689.0 

-1953.8 

-1586.3 

-1218.7 

-483.5 

LD 

-649.8 

-272.6 

-84.0 

104.6 

481  .8 

IQ 

-1204.3 

-802.9 

-602.2 

-401.4 

0 

FF. 

173.9 

148.0 

135.0 

122.0 

96.  1 

SF 

592.9 

395.2 

296.5 

197.6 

0 

This  table  presents  posterior  coefficient  values  for  the  aggregate 
USAFA  model  when  different  t  values  are  specified.  It  deatonstrates 
that  t  represents  the  degre$  of  belief  in  the  prior  opinions. 


Decimal  place  remains  the  same  as  it  was  for  classical  results. 

lThese  results  are  identical  to  the  MLF.  coefficients  found  in  Table  31. 

^Specifying  ax  =  1  is  equivalent  to  specifying  a  posterior  which  is  a 
simple  linear  average  between  the  MLE  coefficient  values  and  the  prior 
opinion  coefficient  values. 

^Tbese  results  are  identical  to  the  prior  opinion  coefficients  found  in 
Table  33. 


APPENDIX  l 


ON  HYPOTHESIS  TESTING 

Learner  <1978,  p.  89)  indicates  that  the  significant  difference 
between  classical  hypothesis  testing  and  the  subjective  view  of  the  same 
subject  is  one  of  signi 'trance .  In  classical  hypothesis  testing,  a 
fixed  level  of  significance  is  concluded  as  being  an  acceptable  method 
of  suananzing  the  evidence  in  favor  of  or  against  the  hypothesis. 
Pindyck  and  Rubinfeld  (1981,  p.  39)  announce  that  this  level  is  "usually 
1  or  5  percent."  In  the  subjective  view,  meaningful  hypothesis  testing 
requires  the  signficance  level  to  be  a  decreasing  function  of  sample 
size.  A  small  demonstration  on  this  power  of  the  function  illustrates. 

Assume  S  - 

and  H j :  S  =  Sj  are  the  hypotheses  being  tested.  Figure  13 
represents  the  possible  choices  for  the  researcher.  In  hypothesis 
testing,  one  wishes  to  conclude  that  is  true  and  in  fact  have  it  to 
be  true. 


State  of  Nature 


Figure  13.  Researcher  Choices  Available  and  the  Respective  Errors 
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Therefore,  1  -  p  represents  the  power  of  the  function.  The  greater  the 
power  function,  the  better  the  decision  rule,  hence  a  large  1  -  p  is 
more  desirable  than  a  smaller  one;  i.e.,  a  smaller  P  value  is  more 
desirable  than  a  larger  p  value. 

There  are  two  ways  in  which  this  power  of  the  function  can  be 
enlarged.  Because  of  the  relationship  between  a  and  p,  one  can  accept  a 
larger  a  and  thus  decrease  p,  the  net  effect  being  an  increase  in  1  -  P, 
the  power  of  the  function.  The  second  method  is  that  of  increasing  the 
sample  size.  The  closer  the  sample  comes  to  representing  the  universe, 
the  more  likely  one  is  to  choose  aa  the  real  state  of  nature  when  in 
fact  it  is  true,  1  -  p  approaches  1. 

The  bottom  line  is  that  researchers  should  not  get  raught-up  in 
always  selecting  or  =  .05  or  a  =  .01.  In  fact,  one  should  not  always  be 
content  to  select  a  low  level  of  significance  and  therefore  a  low  pro¬ 
bability  of  a  Type  I  error.  Meaningful  hypothesis  testing  requires  the 
significance  level  to  be  a  decreasing  function  of  the  sample  size. 

Because  the  sample  size  in  the  two  sets  of  data  studies  herein  are 
relatively  small  when  cosrpared  to  the  university  world  universe,  the 
significance  level  (o)  can  be  quite  large.  That  is  the  reason  Appendix 
H  presents  a-levels  as  high  as  0.40. 
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